Magnetic resonance imaging of breast cancer, a clinical study by Boetes, C.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/146095
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
1С RESONANCE 
IMAGING OF BREAST CANCER, 
A CLINICAL STUDY 
Carla Boetes 
MAGNETIC RESONANCE 
IMAGING OF BREAST CANCER, 
A CLINICAL STUDY 
1 
MAGNETIC RESONANCE 
IMAGING OF BREAST CANCER, 
A CLINICAL STUDY 
Een wetenschappelijke pme\e 
op hel gebied van de Medische Weteiischappt и 
Proefschrift 
lei \ei kl ijging \an de gì aad \an do( toi 
aan de Katholieke Unrveisiteil Nijmegen, 
volgens besluit van hei College \an Decanen 
in hel openbaai te \eidedigen 
op maandag 11 decemhei 1995 des namiddags te 1 30 uur piecies 
door 
Cai la Boetes 
geboien op 10 no\embei 1949 te Hoogkeik 
MAGNETIC RESONANCE 
IMAGING OF BREAST CANCER, 
A CLINICAL STUDY 
Thesis 
lo obtain tbc Pli.D. degiee in Medical Sciences 
at the Catholic LTni\eisit\ ol Nijmegen, 
b\ the decision of die College of Deans. 
The public defence will take place on 
Monda\. Decembei 1 1th. 199,") al 1.30 j).m. prcc iseh 
by 
Carla Boetes 
boi и 10ih \o\ember, 1919 in Hoogkeik 
4 
Promotor: Prof. dr. J .H J . Ruijs 
Co-promotores: Dr. R. Hol land 
D r . J . O . Kan-msz. 
CIP-GEGKYENS KONINKLIJKE BIBLIOTHEEK, DEN' HAAG 
Boetes, Garla 
Magnetic resonance imaging of breast cancer, a clinical siudv/ Carla Boetes. 
Proefschrift Katholieke Universiteit Nijmegen. - Met lit. opg. - Met een samen­
vatting in het ncdei lands. 
ISBN 90-9008904-0 
Trefwoorden: breast cancer, MRI, TnrboFLASH. 
© 1995 С Boetes, Nijmegen, The Netherlands. All rights reserved. No part of this 
publication niav be reproduced or transmitted in am form or bv am means, 
without permission in writing from the copvright owner. 
Printed bv Janssen Print, Nijmegen. 
CONTENTS 
CHAPTER 1 
General Introduction and Objectives of the Study 
1 1 In i iod iu turn 
1 2 Object i\ es at the SiucK 
Refe-i enees 
CHAPTER 2 
Imaging Techniques 
2.1 M a m m o g i a p l n 
2 1' I l t i a sonog iap ln 
2°> Magnetic Resonance Imaging 
Releí с ne es 
CHAPTERS 
Choice of MRI Sequences 
3.1 Pi m a p l e s oí MR Imaging 
3.2 Selection oí Pulsc-seqiienc es op t imi / ed foi 
MR \ l amino» i ap in in Раис ins with suspic ions 
Bic ast Lesions 
Relcicnc es 
CHAPTER 4 
Dynamic Gadolinium-enhanced MR Imaging of the Body 
CHAPTER 5 
MR Characterization of Suspicious Breast Lesions with 
a Gadolinium-enhanced TurboFLASH Subtraction Technique 
CHAPTER 6 
The Comparative Accuracy of MRI to Mammography and 
Ultrasound in assessing the Extent of Breast Tumors 
CHAPTER 7 
False-negative MR Imaging of Malignant Breast Tumors S7 
CHAPTER 8 
Summary, Conclusions and Future Developments 09 
Samenvatting, Conclusies en Toekomstige Ontwikkelingen 103 
Dankwoord 110 
Curriculum Vitae 111 
С НАРТ ER 1 
GENERAL INTRODUCTION 
AND OBJECTIVES OF THE STUDY 
Ι 
Chapín 1 
GENERAL INTRODUCTION AND OBJECTIVES OF THE STUDY 
1.1 INTRODUCTION 
Bieast cancel is the most fiec|iient cancer in women in the Nelheilands 
(1) It accounts for 30% of all cancers and one out of e\ei λ 12 - 13 women 
m the Nelhei lands will develop this disease befoie the age of 75 \eais (2) 
Eaih detec lion bv acculate diagnostic methods and subsequent lieatmeni 
of small lesions is of ma|Oi impoi tance ίο ι educe bolli nioibiclilv and 
moitalitv h o m this disease (3) 
The piesenl available techniques to tiace and e\aluale a lesion m the 
bieast arc palpation, niammogiaphv, ultiasound (LS) and magnetic 
lesonance imaging (MR imaging) Additional techniques are cMologic 
and histologic biops\ 
detection and characterization 
Phvsical examination of the bieasts and bieast self-exammation as 
scieeiung pioceduies ha\c been poorh evaluated Theie is onlv limiled 
and mcluect evidence th<u these methods could help in decreasing 
moitahtv (ioni bieast cancel (4,5) Small malignant lesions (< 10 mm) will 
not be detected bv palpation in the majoiitv of the cases Howevei, 
phvsical examination sui eh is a complementa! ν tool to niammogiaphv 
Although mauiniogiaphv is a mainsiav in diagnosing bieast cancel лпа a 
significant piogiess has been achieved bv using (he latest lmpiovcmcnls in 
mamniogiapluc techniques, the spc с íficitv of this imaging technique is 
low, especiallv in asvmptonialic women (screening) This means that a 
consideiable numbei (80%) of ladiologicallv delected lesions piove- to be 
of non-malignant ongm (u) 
LS has pi oven to be not sensitive and specific enough in differentiating 
benign fiom malignant solid lesions and is onlv valuable- in the 
clifleientiation of solid and cvslic lesions (7) 
Contiast-c-nhanced VIR imaging is nowadavs gaming mcieasmg mteiest as 
an alternative method foi breast imaging without the use of ioni/mg 
ladiation Impiovecl chai<utc n/ation of bieast lesions to ι educe the 
number of surgical biopsies for benign lesions could be an impoitant 
objective of MR imaging, but then specificitv has to be high (8) Although 
in most studies sensitivitv of MR imaging is high, spcoficitv is îathei low 
Hevwang el al (c)) ι cached a sensitivi tv of 99 5%, but a specificitv of 42% 
(9) Harms et al (10) in his se nes deseiibed a sensitivltv of 1009?, but a 
specificitv of 59% We evaluated the Tin bo fast low-angle shot 
n 
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(TuiboFLASH) s i ib t iacüon technique and achieved with this t echn ique a 
sensitiv ην oí 9 5 % and a specific m ol 86% (11) 
treatment planning 
l o c a l t i e a tmen i of breast с а к і п о т а counts n\o main opt ions, n a m e h 
mastectomv a n d bieast saving theiapv (BS1 ) with i r radia t ion T h e aim of 
BST with и î ad ia t ion is that the sui viva] ta te must be at least the same as 
with mastectomv, whilst less muti la t ing lo the pa t i en t (12) 
Howevei, no t all w o m e n with T l or T2 disease a ie candida tes foi BST 
( l a b i e l 1) (13) The i e a i e some f acloi s which pi edict an increased nsk 
f oi local ree u n ene e (14,15) Among these f actoi s are tumoi p r é s e n t â t 
the mai gins ol the excision specimen, mulufocalilv a n d лп assoc lated 
extensive m t i a d u c l a l c o m p o n e n i (E1C positive) (1")) About 2 5 % of the 
mfüt ia t ing duc i cai с m o m a s a ie l· 1С positive a n d have a six lold lughei 
i ìsk lor local l ec t in enee ГЬе last two fai toi s can b e bcttci evaluated bv an 
mei eased рем loi mane e a n d ìeliabilitv of the imaging studies 
An exact p ieope ia l ivc del ineat ion ol the tumoi extension and 
de t e imina l ion of ГІС will be of h e l p to the s i n g e o n m p l a n n i n g a n d 
p< i f o i n u n g an adequale stiategv 
size determination 
Dixon et al ( l b ) staged 100 w o m e n bv palpat ion a n d m a m m o g r a p h v 
Palpatoi ν findings vveie incoi îecl m 259? of the cases, when e o m p a i e d 
with histologic f indings and m 10% of the cases the si/c was incoi ice llv 
esumateci bv m a m m o g i aphv \s mue h as 15% ol the cases we ι e 
m a m m o g i a p l i H allv occult F o i n a g e e t a l (17) slated that es t imation of 
tumoi si/e wilh L S is be Ilei ( о т р а н d to pa lpat ion a n d m a m m o g i a p h v 
As publ i shed bv Davis a n d Me ( ailv ( 1 8 ) , t u m o i si/e on MR imaging 
coi и lates belle ι with pathologv than m a m m o g i a p h v a n d 1 S d u b b i stad 
é t a l (1e)) also found that MR imaging showed a m o i e accui ale c o n e l a t i o n 
with histological tumoi si/e than mammogiaphv 
multifocality and ЫС 
M a m m o g i a p h v pei forms well in detect ing t h e i n d e x t u m o i but is less 
a c c u l a t e m d e t e c t i n g multifoe ahtv Al though EIC positive tumoi s show 
significanti) m o i e miciocalcif ications than b i t . negative t u m o i s , 
m a m m o g r a p h v with magnif ication views can onlv partlv be helpful m 
selecting pat ients loi BST (20) H o l l a n d et al (21) desc i ibed m a senes of 
282 invasive caneé i s that in 4 3 % of the cases addi t ional tumoi foe ι weie 
p i e s e n l m o i e t h a n 2 cm awav from the l e f e i e n c e tumoi a n d most of these 
addi t ional lesions we ie occult on m a m m o g i a p h v 
Hai ms et al (22) desc i ibed that in a senes of 38 pat ients MR imaging 
12 
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Table 1.1 (13) 
Classification of breast cancer 
Primary tumor (T) 
TX Primary tumor cannot be assessed 
TO No evidence of primary lumoi 
Tis Carcinoma in situ lnti aductal carcinoma, lobular carcinoma in situ, or Paget's 
disease of the nipple with no tumoi 
Tl Tumor 2 cm or less in greatest dimension 
Tla 0 5 cm or less in greatest dimension 
Tib more than 0 5 cm but no more than 1 cm in greatest dimension 
Tic more than 1 cm but no more than 2 cm in greatest dimension 
T2 Tumor moie than 2 cm but no moie than 5 cm in gieatest dimension 
TS Tumor moie than 5 cm in greatesl dimension 
T4* Tumor of any size with dnect extension to chest wall oi skin 
T4a Extension to chest wall 
T4b Edema (including peau d'orange) or ulceration of the skin of the breast 
oi satellite skin nodules confined to the same bieast 
T4c Both (T4a and T4b) 
T4d Inflammatoi \ caicinoma 
Regional lymph nodes (N ) 
NX Regional Ivmph nodes cannot be assessed (e g , piewouslv removed) 
N0 No regional lymph node metastasis 
N1 Metastasis to movable ipsilateral axillaiv lymph nodc(s) 
N2 Metastasis to ipsilateial axillary lymph node(s) fixed to one another or to other 
structuies 
N3 Metastasis to ipsilateral internal mammary lymph nodc(s) 
Distant metastasis (M) 
MX Presence of distant metastasis cannot be assessed 
MO No distant metastasis 
Ml Distant metastasis (includes metastasis to ipsilateral supiaclawcular 
lvmpnode(s)) 
Stage Grouping 
[ ]0 Tis 
[ ]I Tl 
[ ]I1A TO 
Tl 
T2 
[ ]1IB T2 
T3 
[ ]IIIA TO 
Tl 
T2 
T3 
T3 
[ ]I1IB T4 
Anv Τ 
[ ]Г ArivT 
Π 
N0 
N0 
N1 
N1 
N0 
N1 
N0 
N2 
N2 
N2 
N1 
N2 
Anv Ν 
N3 
Any N 
MO 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
M0 
Ml 
Chaptn 1 
d e t e c t ! d a lmost n u c e as m a m к sions as m a m m o g i a p h \ 
In t h e p i e s e n l stuck the c o m p a t i r n e accuiacv of MR imaging as c o m p a i e d 
to m a m m o g r a p h v a n d LS m assessing the с vient of b ieas t t u m o i s will b e 
e\ahia led 
1.2 OBJECTIVES OF T H E STUDY 
T h e aim of this studv is to evaluate the place of MR imaging m imaging 
b ieas t lesions, especialh with r e g a i d to its potent ia l to differentiate-
b e n \ e e n be nign a n d m a l i g n a n t lesions a n d the pei f o r m a r n e of this 
t e c h n i q u e in detei m i n i n g the size a n d multifocahtv of mal ignant t u m o i s 
of t h e breast 
C h a p t e i 2 gives a succinct o\c ι uew of the t h i e e most impoi tant imaging 
tec h i n q u e s nowadavs used, that is m a m m o g i a p h v , L S a n d MR imaging 
С liaptei S d e s c u b e s the pi m a p l e s of MR imaging a n d gives an o v c i u t w of 
t h e c l i i h i c u t se q u e n a s used loi evaluation of the bieast I he choice of 
se queue e s use d m this stueh is disc ussc d 
С hapte i 4 d e s c u b e s the use· of lasi and ullia-fasl chnamie gadolmium-
e n h a n c e d tec h i n q u e s of t h e bodv 
C h a p l e i 5 s lums the value of ¡VIR imaging in ι lie chaiacte n/at ion of 
suspicious hie ast lesions I 'specialh the utililv of gaclolmium-e nhane eel 
chnamie MR imaging with Tin bo last low-angle shot ( I u i b o H A S H ) 
le c l in ique m the ehi fei en nat ion ol bc nign fi o m m a l i g n a n t lesions ol the 
bieasi is assessed 
( l i a p t e i b evaluates the l o m p a i i l i v e accuiaev ol MR imaging to 
i n a m m o g i a p h v a n d L S in assessing the e x t e n t e>f mal ignant lucasi t u m o i s 
T h e pieopeiat ivc imaging modal i t ies such as m a m m o g i a p h v , L S a n d MR 
imaging aie analvsed a c c o i d i n g to the index t u m o i , si/e ol the t u m o i a n d 
addi t ional lesions a n d a i e c o m p a r e d to t h e histological lesults 
C h a p t e r 7 discusses false-negative re suits with e ont ias i-e i ihanced MR 
imaging of mal ignant bieast lesions a n d gives possible- explanat ions Also a 
l u c r a t i n e îeview of false-negative MR findings is given 
С h a p t e r 8 gives a s u m m a i ν a n d conclus ions of ihis thesis a n d discusses 
t u t i n e d e v e l o p m e n t s of the MR t e c h n i q u e 
14 
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С ha pi'о 2 
IMAGING TECHNIQUES 
The thice most impoiiant imaging techniques of tin· bieast will be bneflv 
discussed 
2.1 MAMMOGRAPHY 
The fust bieast cam ei demolistiated with \-ia\ studies was descnbed b\ 
\lbeit Salomon m 1913 (1) He noticed small black spots at the centei ol 
a malignant lumoi .nul nileipiclcd them as liitiaductal canceious masses 
In lact, this was the tìisi iadiogiaphic demolistialion ol imciocalcifi-
cations In 1932 Vogel wi ote a papci on the iadiogiaphic dilleientiatum 
ol benign and malignant bieast lesions (2) In 1938 facol) Geishon-Cohen 
and Colchei (3) published an ai ut le m which thev emphasized the 
impoi I,nice ol undc ι standing tin nonna! bieast "undei all conditions ol 
giowth and phvsiologual acti\it\" I eboigne (4) outlined the lmpoilauct 
ol high conti ast images to impune the depution ol m к. их alcilìcations 
and he was the fusi one to use compi ession of the bieast In the middle ol 
the 19604 Gios (5) developed a piotot\pe dedicated inanmiogiapli\ unit 
Since then enoi mous piogiess has been made not on h concerning the 
technical aspects bul also in (he development oí sensitive scieen-film 
combinations in otdei to lecluce the nccessaiv ladiation dose (b,7) 
kopans (8) stated that the dc lection ol bieast cancel is completelv image-
dependent and thus quahtv с onliol is obhgatoi ν 
ÌSowadavs matrmiogiaphv is the pi eleu ed method foi scieening foi small 
and cluncallv occ ult bieast caneéis (9,10,11) Howcvei, as descnbed bv 
Bakei, about IO'/< ol the malignant lesions escape detection with 
inammogiaphv, especiallv (he lobulai (aicinoma (II) The sensitiv ltv of 
inammogiaphv in a svmplomatic patient population vanes hom 81% to 
96% (12) 
Also the extent ol a malignant tumoi is olten undci estimated bv 
inammogiaphv (13) 
The advantages of mainmogiaphv aie the easv peiioimance, the low costs 
and its abihtv to detect bieast caneéis beloie thev ate palpable 
The disadvantage of manimograpln is that it uses ionizing ladiation, 
although with model η technique the dose isacceptablv low 
2.2 ULTRASONOGRAPHY 
The use ol ultiasound to examine the bieast was Inst descnbed bv Wild 
19 
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and Neil in 1951 (14). Early clinical investigators hoped that this imaging 
technique could delect breast cancers so well thai it cventuallv could 
replace mammographv. 
In 1981 Cole-Beuglet ei al (15) described a series of 1029 ultrasound 
examinations in svmptomatic patients. Thev found a sensitivity for breast 
cancer of 69% for ultrasound and of 74% for mammography and stated 
that ultrasound can diagnose malignant and benign breast lesions in 
symptomatic patients. However, in 1983 it was concluded that all solid 
lesions seen on ultrasound should be- interpreted as possibly malignant 
(16). 
Cosgrove et al ( 17) introduced color Doppler ultrasonography as an 
adjunct to ultrasound imaging in the differential diagnosis of breast 
lesions. The smallest malignant lesion detected by this method was 10 
mm. The results Dixon and co-workers obtained witli color Doppler 
ultrasonography were disappointing (18). These authors obtained a 
sensitivity of 78% and a specificity of 100% in their series but small tumors 
(<1 cm) did not vield a positive finding. 
Our experience is in agreement with the findings of F.gan and Jackson. 
namelv that ultrasound onlv has value in the differentiation of solid from 
cvstic lesions, and that reliable differentiation between benign and 
malignant soliti lesions is not possible (19,20). 
Therefore US plavs an additional role to physical examination and 
mammography in differentiating between cvstic and solid lesions, but (his 
technique is not suitable for screening. 
2.3 MAGNETIC RESONANCE IMAGING 
In the beginning of the 197()'s Damaclian (21) showed that in vitro 
nuclear magnetic resonance (NMR) could differentiate malignant from 
non-malignant tissue. The earliest attempts to image human breast tissue 
with MR techniques were performed bv Mansfield, but due lo a poor 
signal-lo-noise ratio and the use of a multipurpose bodv coil, breast MR 
imaging' did not achieve much diagnostic importance (22). In 1984 
surface coils for visualization of superficial structures were developed bv 
Fritschv and Axel which resulted in an improved signal-to-noise ratio and 
thus in an improved image quality (23,24). 
However, information obtained by plain MR imaging was more 
complicated than expected, as Tl- and T2-rclaxation limes did not permit 
reliable differentiation between benign and malignant lesions. 
Hevwang-Köbrunnei" (25) stated, that MR imaging of the breast without 
the use of a contrast medium could be compared to mammographv (25). 
lid 
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In 1985 slie was ι hi- fusi tmcsi igatoi who injected g a d o p e n t c l a t e 
d i m e g h t m i n c mtia\enous l\ toi MR studies ol the b i t a s i a n d she 
dcmonst ia tcc l dial mal ignant lesions ol the lit east showed e n h a n c e m e n t 
(26). 
O t h e i imest igatoi s (ollowed t h e idea oí He \wang and c o n t i n u e d hei 
íesiilts (27,28) P i e s u m a b h the met eased e n h a i u e m e n l ol mal ignant 
lesions as c o m p a i e d to noi mal hi east tissue is caused h\ inci eased 
\ as tu la t i l \ a n d \ a s c u l a i pe imcabi l iU (2d) 
Nowada\s se \e ta l MR techniques h a \ e been d e \ e l o p e d Pieiecititsites loi 
all existing t echn iques a i e the use ot a deche ated sui lace coil that ofleis a 
good signal-to-noise ìat io. and sequences with a high sensiti\il\ loi 
pai amagliene с onti ast agents The tin ее m a m l\pc s ol sequent es used foi 
the bieasi , a i e lat-suppiessed sequences , last low-angle shot (FLASH) 
sequences a n d eh n a n n e sequenc es dui m g injection ol a conti ast m e d i u m 
Hai n i s e i al (27) dexeloped the to ta l ing d c h \ e i \ ol excitation oll-
l e s o n a n c e ( R O D b O ) t e c h n i q u e , which g n e s lat-suppiessed I 1 weighted 
images T h e sensiu\il\ a t h i e \ e d with this sequent e is l()()'< , but spc с i l ìcm 
is 597r 
I levwang-kobi u n n e i and Iva ι sei d e s t i ibed the use ol p i e - a n d 
pos t tont ias t F L \ S H set]uentes (2"),28) 
Quanti f icat ion of e n h a n c e m e n t is possible with these t e c h n i q u e s With 
this s e q u e n c e He\wang-Kobi u n n e i ι с ac lied a seusiti\ii\ ol 99 jc/<, but 
s p e t i f k m was 42% (29) Kaisei lepoitect <i sensili\it\ of 97 'V/< a n d a 
spetifitit\ ol 9d 9'/i (40) (»lecnstein O i e l et al (31) d e \ e l o p e d a chnamic 
sequence m which images weie o b t a i n e d at 1 >(M seconds miei \als d u i m g 
4-7 m i n u t e s (>illcs et al (42) also used a t h n a n u t s e q u e n c e with an 
acquisition u n i e of 47 seconds 1 h e n st nsiu\u\ is also high, but then 
spctificiu is a b o u t "t()% . 
T h e o p i n i o n of all these tmcs i iga io i s is that with the achieved sensi ti\it\, 
MR imaging of the bieast ІЛП pla\ an n n p o i t a n t iole- in t h e detect ion ol 
lesions n o t seen at m a m m o g i a p l n a n d that MR imaging can he lp in 
picopeialiNC staging a n d thus m the selection loi bieast s a u n g lheiap\ 
MR imaging of the bieasi t an alst) be used lt> doe uiiieni the ι e spouse lo 
с h e m o t h e i a p v οι ladiat ion t h e i a p \ (27) . Anodici \alue of MR imaging is 
the e\aluat ion of bieasts Heated with silicone, etthei injected oi as a 
piosthesis MR imaging is also able to dif feienttate between postopc iati\e 
scai oi n i a d i a t i o n effects a n d local ì e c u i i e n c e of bieast canecí (27) 
l\ 
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CHOICE OF MRI SEQUENCES 
3.1 PRINCIPLES OF MR IMAGING 
The pi incipit- of MR imaging lies in distili bing the disti lbntion of pai allei 
and anlipaiallei 01 lentalions oí the magnetic axis of piotons b\ apphing a 
iadiowa\e c n e i ^ to the magnetic dipoles, so that thc\ change onentation 
(1,2) 
The amount oí encig\ necessan loi tiansition fiom the one stale to (he 
othei depends on lesonance f iequcno Inpiaetice one supplies eneig\ 
bv 'ìadiating' a slioit clccliomagnelic iadioliequenc\ (Rl·) pulse 
pcipcndiculai to the external magnetic field The hequenc\ of the RF 
pulse must be equal to the piecession fiequenn, m oidei foi the spins to 
ι esonale The RF pulse cieales magnetization peipendiculai to the 
dneciion oí the magnetic field Foi a shoii time altci this pulse, the 
magnetic dipoles îelax and adopt their ougmal state This pioduces a 
detectable MR signal th.it contains information about the pioton-spins 
and then enumnment This MR signal is ulnmateh used lo cieate the 
image and contains infoi mation about the numbei of pioions 
(concentiation) and then specific magnetic pioperiies 1 l-oi spin-latlice 
íelaxation time and Γ2- oi spin-spin ìelaxation time E\ei \ tissue has Us 
own specific pioton conceniiation, T l - and Г2-іе1ахаіюп time In a MR 
image these magnetic piopeilies aie с o m e n e d mio image contrast bv 
using a so called "pulse-sequence" 
In general the ìc aie two t\pes of MR images one in which the Tl-
lelaxation time dominates (Tl-weighled) and one m which the T2-
îclaxation time dominates (T2-weighted) 
3.2 SELECTION OF PULSE-SEQUENCES OPTIMIZED FOR MR 
MAMMOGRAPHY IN PATIENTS WITH SUSPICIOUS BREAST 
LESIONS 
In general theie are diffeient l\pes of Π-weighled sequences, namelv 
spm-echo sequences (SE sequences), giachent-echo sequences (GE 
sequences) and magnetization-piepared rapid giadieut-echo sequences 
(MP-RVGl· sequences) 
- St sequences aie nol eh nanne, aie time-consuming and gi\e high fat 
signals These factois aie a disachantage loi MR imaging of the bieasi 
\nothei disacl\ant<ige is lhal it is a two-dimensional technique, that 
(hapte) 3 
p i o d u c e s images oiih m o n e pi (.'selected p lane and does not allocs 
ìeconst i ÍK tion m othei p lanes l o b e m a d e 
- GE sequences Нале a slighth lowci fat signal, a ie fastei a n d allow three-
d imens iona l i n onsti lie t ions with these images m a m plane A 
di aw back of this s e q u e n c e is tha i it is sens i tne to m o t i o n and 
susceptibilité ailifacls (3) 
- MP RAGE sequences p i o d u c e high lesolut ion images with thin (1 2 
m m ) sections which allow l lnee-d imens iona l îeconst i uct ion T h e \ 
a ie less sens i tne lo mot ion and susceptibiht\ ait i lacls A disachantage is 
the îe la t ru ' msensit i \ i l \ foi T l - e n h a n c m g cont ias t agents such as 
G a d o l m i u m - η Τ Ρ λ (3) 
In bieast imaging usualh o n h Tl-weighted image s a ie used because this 
image t\pe p i o d u c e s the best c o n t u s i between fat, g landulai tissue a n d 
tumoi (4) T2-weighied images a ie usualh i e s e i \ e d l o i n o n lumoi ì e la ied 
pi ob lems like leakage ol silic o n e ai o u n d bi east implants (4) 
\s m TI-we lghied u n e n h a i u ed image s t he i e is n o с onli ast between tumoi 
a n d non-latt\ tissue suc h as g landulai f ibmus a n d mJlammaloi \ tissue 
I 1-е h a n g i n g c o n t u s i age ills ai e uecessai \ to impi еле lc sum 
c o n s p i c u o u s n t s s \\ nh the sc gadol in ium c o n i a m m g age nts tumoi s show a 
biglie ι signal mie nsil\ because of Ingliei uptake of ihe c o n t u s i m e d i u m 
(5) A p i o b l e m in poste o n l u s t images is the high signal intensity of fat, 
which ma\ ( ause dillic ullic s m disc ι i m m a t m g tumoi h o m lai \ solution 
is the use of so-c ailed "lat-suppi essed" se queue es in which the lal signal is 
ι educ eel oi the use ol subti ac tion of pi ( a n d posic ont ias i image s 
In genei al, loi MR imaging of su spie mus lucasi lesions two d iff с ι ent l\pes 
ol 1 1 weighle d sc (piene es aie m u s c O n e is a sieacb state sequence the 
olhei i sa ( h n a i n u gudieni-e cho (Gill ) seque ncc 
steady state sequences 
T h e sequence as de se libe d b\ H a n u g e t a l (h) is an example of a steach 
state se (¡nene с, de \c lope d to т і р н л с the signal-to-noise ìa l io and the 
contiasi lesolut ion m o ide i to n n p i o \ e image l e so lu imn and thus lesion 
conspici iousness This scijiienc e is based on the pi inciple ol fat 
supp ie s smn Because in ibis s equence subii action is not nee essai \, 
mot ion ai tilac is ai e le ss pi omii ient T h e sequenc e с onsists of a thi ce 
d i m e n s i o n a i t e c h n i q u e ì e su l tmg m a high sensili\it\ (1009?) and a low 
spe cifìciu ( i 9 ' c ) (5) 
Rubens et al (7) stated, thai Mandaid 1 1-weighted MR images m a d e aftei 
m i u \ e n o u s injection of a cont ias t m e d i u m , show minimal e n h a n c e m e n t 
of hi east lesions due lo high b a c k g i o u n d signal li om lal m the bieasi 
These a u l h o i s desci ibed that fal-suppic ssed ( hemical-slnft imaging 
2 S 
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c o m b i n e d wit li the achnmist tat ion ol a conti ast m e d i u m m i p r o u ' S lesion 
detect ion a n d с haiac lei ization c o m p a i e d to c o m c n t i o n a l e n h a n c e d Τ Ί -
sseighled images Chemical shift images especialh improve \isnali/ation of 
the luiiioi boi dei a n d internai s t u n tin e a n d depict lesions o thc iwisc not 
seen This s e q u e n c e does not n e e d a suini act ion t e c h n i q u e In t h e senes 
described b\ R u b e n s el al o n h 14 ol the 20 bieast a b n o i m a l i t i c s weie seen 
on \IR imaging, in conti ast lo m a m m o g i a p h v which ì ecognized all 
abnoi malilies 
gradient-echo sequences 
T h e othei i \pe ot sequence used b\ m a m investigate» s, like Hevwang-
Kobi u n n e i . Kaisei, Gilles and G ieens t em Oie l is a " d u i a m u " last loss-
angle shot (FLASH) 3-D techn ique , whic h is a giachent-ec ho t e c h n i q u e 
(4,H,1),10) D \ n a m i c means that p i e - a n d scveial pos icont ias t senes a i e 
made T h e whole bieast can be imaged m s imul laneoush ob ta ined 
mult iple slices m about Γη e m i n u t e s At least two οι ibi ее image- senes of 
the bieast a i e ас quii cd, one pi ее on li ast a n d the o t h e i s post conti ast 
Lesion disc ι l imitation is maximal with the fust poste ont ias t set of images 
in the lii st fi\e minute s altei с ont ias t m e d i u m a d n u i n s t i a l i o n (4) With 
this s e q u e n c e l\pe t h e signal intensifs of fat is lower as c o m p a i e d to the 
signal mieusit\ of e n h a n c i n g aieas, so < o n l u s i o n of fat a n d e n h a n c i n g 
aie-as is n o t \ei \ l ikeb A see tion thickness of 2 m m с an be o b t a i n e d with 
this technique- allowing imaging of \ei \ small lesions. Howe\ei , as 
m e n t i o n e d e a i h e i , this s e q u e n c e is ι attici sensitive lo susceptibihlv a n d 
mot ion ai lilac is T h e FLASH 3-D s e q u e n c e has a good scnsitivits loi 
paiamagnet ie с ont ia s t agents such as Gadolrnium-DTPA Subtract ion ol 
pre- a n d poste oriti ast images is inc ieas ingh used b\ m a m invcsiigaiois 
resulting in better lesion visuah/atioii (11,4,10) Hcwvang-Kobi u n n e i ( I I ) 
obta ined a high se-nsiuui\ of 4C) 7//< with this t e c h n i q u e , however the 
specific IU ss as lens (429ir) 
T h e aim of MR imaging of bieast lesions m this studs ssas to achieve not 
o n h a high sensitivitv, but also a high spécifiais 
As descirbed 1rs Ba ien ts / et al (12) fast imaging sequences (al least 1 
image pei 2 seconds) displavmg the fiist pass of conti ast agen t th iougl i 
tissue will icsult in a high specific itv loi e hai ae teii7<ilion of t umors and 
differentiation f iom othei tissues Gado l in ium-Dl PA, ihe с o r i n a s i 
m e d i u m used, is an extiacellulai cont ias t ageni Aflei a bolus injection 
usuallv into an a inecubi ta l vein the agent is t ianspoi led t h i o u g h the h e a i l 
and lungs A l t h o u g h di lut ion occ m s the с on ti ast agent ente-i s the ai tei îal 
svsie-m as a bolus Din ing the first pass phase of the cont ras i agen t the 
di l fe ience m concen t i a t ion between the i n t i a - a n d extiavasculai 
24 
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t o m p a i t m c n t is maximal In this phase t r a n s p o n fi om \ essels m io the 
tissues will OCCHI ï ap idh Conti ast m e d i u m , p u s t m i n capillaiies and the 
cxt iaccl lulai extiavasculai space, píemeles e n h a n c e m e n t (13) 
E n h a n c e m e n t oí a lesion staits dui mg the fust pass, and wht η last 
imaging is p c i f o i m e d , t h e oust t oí e n h a n c e m e n t can be judged 
accuiatelv E n h a n c e m e n t of a lesion is visible on MR imaging as an 
mc iease in signal intensilv on Tl -weigh ted images Onse t of e n h a n c e m e n t 
in а с е н а т tissue d e p e n d s o n a tomplexitv oí íactors, for instance the 
n u m b e i of vessels, the llow (pei fusion) t h i o u g h lhe \ e s se l s , vascular 
resistance a n d vessel wall permeabili tv 
Most mal ignant t u m o i s develop neovascula i i /a t ion and therefoie these 
lesions show eailiei e n h a n c e m e n t c o m p a i e d with noi mal tissue on a fast 
dvnamit s equence (14) To improve specificit\ vsc used a fast 
magne l i7a t ion-prepa ied ι apici acquisition grad ient-echo sequence (Tin b o 
iasl low-angle shot) ( T u i b o F I A S H ) with an acquisit ion t ime of 2 3 
seconds foi bieast imaging The l imitat ion of this sc que ne e al the 
m o m e n t is thai it is a single section technique with a sec tion thic km ss oí 
10 nun Recause oí lins l imitation othc i p a i t s o í t h c b u a s t can onlv be 
evaluated bv a ι hi ее-dimensional sc que ne e pe ι Ιοί me d lol low nig the 
I ui b o t LASH sc queue с Ι ο ί th i sp i i iposc we have с hosen a \IP-R (Л 
s e q u e n c e as this tvpe of seque nee allows th in sections (1 2 m m ) with л 
lelaiivelv shoi t acquis i tum t u n e a n d a h igh spatial u solut ion ίοι a good 
th iee-dimens iona l image oí the lesiem Anolhe i advantage of this 
t e chn ique foi bieast imaging is that M P - R \ G F images have a dccieascel tat 
signal intensitv as c o m p a i e d to the geneiallv use el FI ASH 3-D sequences 
In a sluclv of Runge et al signal to-iioise and conti asl-io noise lauo ' s ol MP-
R U . E and Г1 \ S H 3-D weie t q u a l ( l i ) How e u ι, t h e MP-RAC.l had the 
advantage ol i h m n e i slices a n d less mot ion ai lilac ts allowing be tlei 
subt iac l ion e)f p i e - f i o m posit ont ias t images (12) A disadvantage ot tin 
MP RAC.F st queue с is that this sequence lequiic s a h ighei dose of 
сont ias t m e d i u m ίοι adequale e n h a n c e m e n t as c o m p a i e d lo the 
T u i b o F L A S I I sequence, dna thus makes ihc investigation m o i e expensive 
\n ideal s e q u e n c e foi bieast imaging should be a fast sequence, like the 
T u i b o F L A S H , with a high th iee-dimens ional ì eso lu t ion Howevei. diese 
sequences a i e not possible with the t u n e n t l v available MR units 
The i eloi e, m this stud\ il was dc c ided to use the с o m b m a t i o n of a fu st-
pass single seciion TurboFLASH sequence at t h e site of the lesion to 
obta in a h igh specific ltv a n d a high-iesolut ion MP R \ G r sequence to 
obta in three-dimens ional infoi m a t i o n a b o u t the geometrv c>f the tumoi 
V) 
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DYNAMIC GADOLINIUM-ENHANCED MR IMAGING OF THE BODY 
INTRODUCTION 
C o m p a i c d with othei imaging techn iques , mannel l i ì c s o n a n c e imaging 
(MR imaging) has the achanlage oí supei io i soil ussue contiast Howe\e i , 
without the use oí conti.ist agents MR imaging still shows cons iderable 
o u ' i l a p between the- chai ас leiistics ol benign tissue a n d m a l i g n a n t 
Illinois. 1 lie in i ioduc Hon o( gadohnium-c on l a m i n g cont ias t agents has 
i n i p m \ c d di i ie ient iat ioi i between b e n i g n a n d mal ignant tissues, espec uilh 
in the b ia in a n d b i e t s t (1) 
In the b e g i n n i n g , slow multislice t e c h n i q u e s u o i c used b e i o i c л\лЛ alici 
m t i a \ e n o u s contiast admuust i at ion a n d s u b s e q u e n t e n h a n c e m e n t was 
evaluated. In s o m e o i g a n s ilio l e c o g n i t i o n ol mal ignancies was thus 
n n p i o \ e d Ne\ei lhe less . d i l fe ient ia t ion between gi anulación Cissue οι 
e d e m a a n d cancel oi between piostat ic h \ p c i l m p h \ a n d cancel was 
d i sappoint ing with this tec h i n q u e (2,3) 
The use ol last a n d ullia-last (Knamic t e c h n i q u e s has been desci lbocl 
u ( с nil\, with p iomis ing icsults (4-8) Πιο basic p i m c i p l e s o l 
on hai ic e m e n t a n d piac deal infoi m a t i o n when using the se tasi t e c h n i q u e s 
a ie c o n s i d e i e d in this pa poi 
BASIC PRINCIPLES 
In medical imaging specific,ill\ cle\olopod g a d o l i n i u m - c o n t a i n i n g 
substances sei \e as extiacellulai cont ias t agents . .Vllei a bolus injection m 
usualh ли antecubi ta l \ e m the agent is t i a n s p o i t e d t h i o u g h the hoai t a n d 
lungs Al though di lut ion occuis m t h e heai t a n d lungs, the cont ias t a g e n t 
ente i s t h e ai tei tal s\stem as a bolus D i n i n g the fust-pass ph.isc of the 
contiast agent t h e dille iene e in cone on 11 at ion between the inn a- <\nc\ 
0Mia\asculai conipai n n o n t is at Us ш а м ш и ш , a n d in this pliasc 
t i a n s p o i l a l i o n П о т the \essels into the- tissues will occui l a p i d h ( .ont ias t 
m e d i u m , j j iesent m с «ipillai íes and in the exliae ellulai extia\asc ulai 
sj)ace, [Dioxides o n h a n e e i n e n t Піе enhance mont stai ts dui mg the fust-
pass t h e n l e a c h e s a plateau jDtiase, a n d l inalh dee leases d u e to 
d i m i n u t i o n oí cont iast b\ lenal exc ie l ion T h e o n h a n c e m e n i р к х е ss can 
bo displa\ed b\ a time-signal m t e n s i u e u i \ o (Fig 4 1) I h e cui \o is 
defined b\. t h e onset of e n h a n c e m e n t , that m e a n s t h e m o m e n t a 
sii u c t u i e staits to e n h a n c e \isibh ( p i e i e i a b h on subt iac ted images), the 
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Figure 4.1. Time-signal intensity curve, showing different enhancement patterns of 
various tissues, and the importance of fast imaging in the earlv fust-pass phase. At 
t=t0 the artery starts to enhance, followed shortly by cancer at t=t(, benign prostatic 
hypertrophy at t=tBPH, and benign lesion at t=tB. 
steepest slope of enhancement, that is the maximal enhancement rate 
(ASI/AÍ) during the first-pass; the plateau-phase usually after several 
minutes, when enhancement of a specific tissue is at its maximum and an 
equilibrium has occurred; and the wash-out phase of the contrast 
medium, when the contrast leaves the tissues and returns to the vessels, 
because of its diminished concentration in the vascular system. 
The enhancement rate and onset of enhancement in a certain tissue 
depend on a complexity of factors: the number of vessels, the perfusion 
(=flow) of the vessels, the vessel wall permeability and the composition of 
the extracellular space. These factors differ from tissue to tissue, and 
therefore enhancement curves differ (Fig 4.1). 
Several authors describe that certain malignant tumors (e.g. carcinoma of 
the breast, cervix, urinary bladder, prostate, lung and cutaneous 
melanoma) develop neovascularization and this may be a useful 
prognostic factor (9-13). These malignant tumors show earlier 
enhancement with dynamic MR imaging than the surrounding normal 
'M, 
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tissue. However, differences in enhancement patterns may be minimal, as 
seen between some benign and malignant prostatic lesions. The 
differences in enhancement between malignant and other tissues are most 
conspicious in the early-dynamic, first-pass phase (Fig 4.1). Therefore, fast 
imaging sequences displaying the first-pass (at least 1 image/2 seconds) 
will have a very high specificity for characterization of tumors and 
differentiation from other tissues. 
Gadolinium-containing contrast agents increase the Tl-weighted signal 
intensity, visible as high signal intensity on Tl-weighted sequences. A 
lesion may be difficult to depict if it is surrounded by tissue with an 
intrinsic high signal intensity like fat. In order to detect early, minimal 
differences in contrast enhancement subtraction techniques should be 
used. In those cases where motion artifacts are unavoidable subtraction is 
not possible and fat-suppression techniques are advised. 
The onset of enhancement of a certain tissue can be related to an artery 
crossing the imaging section. This avoids variation due to differences in 
circulation time. The presence of a main artery in the same imaging plane 
is necessary for this quantification. 
The various enhancement phases can be displayed as time-signal intensity 
curves of-operator defined- regions of interest (ROI). When adding this 
functional information on a pixel by pixel basis to the images, all 
enhancement parameters can be displayed by using only 4 images (Fig 
4.2A-F): time images, in which the onset of enhancement in relation to 
the arterial enhancement is color coded (Fig 4.2C); slope- or first-pass 
images, in which the steepest slope value is color coded (Fig 4.2D); 
Figure 4.2A Figure 4.2B 
For legends see text on page 38. 
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Figure 4.2C Figure 4.2D 
Figure 4.2E Figure 4.2F 
Figure 4.2. Patient with breast cancer in right and fibroadenoma in left breast. On 
A, pre-contrast TurboFLASH image (TR/TE/TI = 7/3/10, flip angle = 8°, matrix = 
128 χ 256, FOV = 350 mm, slice thickness = 10 mm) in both breasts a tumor can be 
depicted (arrows). On B, subtraction image 10 sec after arterial enhancement 
Iunior right shows already marked enhancement and tumor left starts to enhance. 
C, Time-image shows color-coded time information. Onset of arterial 
enhancement is displayed as white. Every color represents 1.16 sec. Tumor on right 
side shows early, peripheral rim-like enhancement with lack of enhancement in the 
center, which is characteristic for carcinoma, in this case an invasive ductal 
carcinoma. Tumor left shows enhancement, starting in the center and proceeding 
to the periphery, which is characteristic for fibroadenoma. On D, SI
max
-image, 
which displays enhancement at t=30 sec, both tumors show enhancement. E, slope-
image shows steep enhancement slope for both tumors. F, wash-out images show 
that no wash-out has yet occurred. 
38 
diapiri A 
maximal signal ïntensitv images, displaving the maximal signal ишміміл ai 
the· eqiiilibiiuni phase (Fig 4 2E), and finalK wash-out images, displaving 
the steepest slope ot the wash-out ol conti ast (big 4 2F) 
J he enhancement piocess can also be e\aluated on the subti acted images 
(Fig 4 2B) This is, howtvci, \ci \ time consuming and leqtuics a 
considerable amount ol film 
\\ uh the cm ïenth a\ailable MR s\stems, last imaging with a speed ol one 
image e\ei\ two seconds can onh be pei loi med with acceptable 
lesolulion at one οι twole\els This is a lesti ution loi the use ol the 
сімілтк tecbni(]ues L'Itia-íast sequence s will become available m the neai 
lutine, enabling fast chn.umc imaging at Κ) οι moie sepaiate levels At the 
moment a choice has to be made betwc en fast dvnamic techniques with a 
limited numbei ol slices (one single slice e\ei\ second) oi aslowci. 
m illusine technique with limite d tempe>ial lesolulion (10 mullileve 1 slues 
of 4") seconds) ( u n e n l h , foi fast eh nanne imaging magnctization-
piepaie d íapid acquisition giadienl-ee ho se quemes aie used (e g 
luiboFLASH οι FISP (last imaging with stcda\-state pice ession)) 
Ciiadienl-ccho oi spin-echo seeiuences aie suitable loi the slowei 
mullislice imaging Diese techniques pei loi m well m those tumois which 
show a highei maximal signal intcnsitv at the plateau phase eompaiecl lo 
the sui ι ounchng sti tie tin es 
1 he sequence type m conti ast-enhane ed MR imaging is ol moie 
πηροί tane e than the amount ol liijec ted e ontiast because the ie is no 
lineai ι elationship between the conce ntiation oí conti asi and the signal 
intensm Some sequences ate vei \ sensitive at low conce nu allons and less 
sensitive at high concenuations (e g TuiboH ASH) Olhei sequences 
requne a highei contiast close f oi adequate enhancement (c g 3-D \IP-
RA(>F.) Figuie 4 3 displavs the ι elationship belwee η the gadolinium 
cone enti ation and the lesulung signal mlensitv of seveial seque nces in a 
lest phantom Mcasuiemenls on a phantom with seveial concentiations of 
a gadolinium-containing с ontiast agent aie necessaiv to test a new 
sequence foi evaluating the sensitiv Hv of this sequence loi the changes 
nuclei investigation 
In the following section clinical expeпенсе with clvnamic contiast 
enhanced VIR imaging in bieast cancel, tumois ol the musculoskeletal 
sv slem, blacldei and pi ostate canee ι will be elise ussed 
Breast cancer 
The use of MR imaging of the bieast to evaluate suspicious oi 
nucleici mined lesions is nu leasing Slack el al (1) dése ι ibid that almost 
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Figure 4.3. Signal intensitv-i DUIcntraiion curve in a phantom, showing tilt' relation 
between the signal intensitx and concentration ol several sequences, which differs. 
The I m h o ! LAS! I sequence is the most sensitive sequence for minimal 
( one (-titrations ol ( id-contrast. 
all invasive mal ignant lesions e n h a n c e a l ter t h e in t ravenous injection of a 
conti ast m e d i u m a n d thai absence of e n h a n c e m e n t virtually excludes t h e 
l ikel ihood of an invasive malignancy. T h e r e are two i m p o r t a n t issues, 
n a m e h detec tiou a n d specification, in the evaluation ol a breast lesion. 
Лс( m a l e differentiation of ben ign iront mal ignant lesions is important to 
avoid unnecessary biopsies, fast dynamic t e c h n i q u e s are preferabh used 
for this purpose , f .xperience with a fast dynamic T u r b o F L A S H sequence 
in ß."> mal ignant and 22 benign lesions showed a sensitivity of 9 5 % , a 
specificity of ¡W# and an accuracy of 93'"c in dis t inguishing these entities 
(4) . Differentiation of tapidlv e n h a n c i n g lesions like some f ib roadenomas 
from carc inomas is, in nranv cases, possible with this s equence ('speciali) if 
the pa t te rn of e n h a n c e m e n t is also evaluated (Fig 4.2). T h e use of closely 
spaced, t imed images after injection of contrast m e d i u m can be thus 
rewarding. 
F u r t h e r m o r e , it is impôt taut to detect unsuspec ted multifocal t u m o r in 
pat ients who are eligible for breast saving therapy. MR imaging can also 
plav an impôt taut role in w o m e n who are at h igh risk for developing 
breast cancer but who have equivocal m a m m o g r a p h i e s d u e to dense 
g landu la r tissue. In diese w o m e n high resolut ion multi-slice techniques 
in 
С h apt η -i 
have lo be List (I These it cliniques ,u e cm lenih limited b\ the speed of 
acquisition and thus less specific Piefeiablv 'VD giacile ui-echo sequences 
aie used with an acc]uismon time oi 1 to "> minutes In a pmspective sluch, 
lesults ol MR imaging in 4") patients using a 'VD technique, wcie 
compaied to those of mammogiaphv. ultiasouncl and the histopathologic 
findings aftei mastec tom\ In SO1/? ol the cases, MR imaging found 
multifocal lesions which weie not \ isible on the othei imaging tec hinques 
(14) 
Musculoskeletal tumors 
\eistiaetect al (8) evaluated the luiboFI VSH technique bv lntioducmg 
m w post-ptocessc d "fit st-pass pai ami tue images m 100 patients with 
binign and malignant musculoskeletal Usions The phvsiologic 
illicit ination obtained dui nig the fn st-pass of the с onti asi medium 
thiough the tissues weie quanlilativclv and qualitativelv chsplaved the 
biightness ol each pixel was clnectlv pmpoitional to the highe st tale of 
t nhancenu nt cluting the Πι st-pass phase Measutc ment ol the Πι st-pass 
eiihaiicenii nt late was done bv cale illation of a in tu-signal miensitv e in \e 
in a chosen legion ol inteiest \s pi oven bv ι adiologic-pathologic and 
angiogiapluc lonelal ion, these images chsplaved tissue vase ulaii/alion 
and pei fusion In 2V/( of the patte nis the Πι st-pass images pioudcd 
additional infoi mation not visible on the conventional spin-echo images 
Loeali/alion loi the best biopsv sue, detection of satellite lesions 
sun minding a soft tissue Uiinoi and the demolisti ation of coi tic al edema 
and hv pei pei fusion aiound .u\ osteosaicoma oi 1 wing s sai coma was 
belici possible with the TuiboFl \SH technique With this technique 
demolisti ation of ingiowlh of ca])illaiies into bone gi.ilts dining the 
incoi poi at ion pi oc ess and mon noting of pieopeiative- chemotheiapv in 
bone saicomas mipioved also Howevei, this lasi dvnamic technique has 
its limitation bee ause onlv one dvnamic examination can be pei foi med m 
the same patient allei bolus injec lion ol л ι on li ast medium Thus images 
foi analvsis can be obtained onlv at this one level, pi esumi ng ι hat this 
section ïepiesents the contiast enhancement behavioi of the entne 
tumoi This sampling ei ιοί can, however, be consideiablv minimized bv 
ihoiough evaluation of all tumoi components on the pieeontiast Tl- and 
T2-weightcd images, m oidei to find an imaging plane which includes 
mosi tumoi components Vs slated cai liei, futili e possibilities mav well 
lead to mullislice last dvnamic imaging, theiebv oveicoming the piesent 
limilalions ol the single slice technique 
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Bladder cancer 
With dynamic, slow, multislice MR imaging of 'ur inary b l a d d e r c a r c i n o m a 
staging results were b e t t e r c o m p a r e d to u n e n h a n c e d T l - a n d T2-weighted 
MR imaging or c o n t r a s t - e n h a n c e d CT s c a n n i n g (15,16). Bladder c a n c e r 
showed m o r e e n h a n c e m e n t c o m p a r e d to the n o r m a l b l a d d e r wall a n d 
perivesical tissues, b u t dif ferentiat ion between post-transurethral resect ion 
e d e m a o r g r a n u l a t i o n tissue a n d c a r c i n o m a r e m a i n e d difficult. T h e 
specificity increased considerably using t h e first-pass dynamic sequence 
(5,6). U r i n a r y b l a d d e r c a n c e r s tarted to e n h a n c e 2 to 10 seconds after t h e 
arter ial e n h a n c e m e n t . This is at least 5 seconds ear l ier c o m p a r e d to t h e 
s u r r o u n d i n g tissues. Early e n h a n c e m e n t of e n l a r g e d metastat ic 
l y m p h n o d e s o r b o n e m a r r o w metastases could also be d e m o n s t r a t e d with 
this s e q u e n c e (Fig 4.4). 
Figure 4.4A Figure 4.4B 
Figure 4.4. Patient with invasive carcinoma of entire bladder wall with lymph node 
and bone marrow metastases. A, Unenhanced TurboFLASH image (TR/TE/TI = 
7/3/10, Пір angle = 8°, matrix = 128 χ 256, FOV = 350 mm, slice thickness = 10 
mm) shows thickened bladder wall, enlarged lymph nodes (arrows) and low signal 
intensity bone marrow lesion (arrowhead). B, time-image, showing equal early 
enhancement six sec after arterial enhancement of urinary bladder cancer, 
enlarged lymph nodes (arrows) and bone metastasis (arrowheads). 
Finally, p re l iminary results in e ight pat ients receiving c h e m o t h e r a p y 
suggested a cor re la t ion be tween t h e response to c h e m o t h e r a p y and a 
decrease of tissue e n h a n c e m e n t . 
12 
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Prostate cancer 
Endorectal coil MR imaging using state of the art fast spin-echo 
techniques still shows some limitations (3). Because prostate cancer is 
recognized by its low signal intensity on T2-weighted images, recognition 
of this tumor in the low signal intensity central gland is not possible. 
There is a poor correlation between tumor size on conventional MR 
imaging and pathology and diffuse tumor spread is often not recognized 
on conventional MR imaging. Minimal pericapsular invasion is difficult to 
recognize with conventional MR imaging. 
Until now only Brown et al (17) reported that slow dynamic contrast-
enhanced MR sequences could be of value in the recognition of prostate 
cancer. However, preliminary results indicate that, using a very fast 
dynamic sequence, minimal differences in the onset of enhancement 
between a prostate cancer and the surrounding structures like the 
peripheral zone, central gland or benign prostatic hypertrophy can be 
visualized better (Fig 4.5). This results in depiction of a malignant tumor 
in the central gland, in better correlation between tumor size and 
pathology and in better recognition of diffuse tumor spread and of 
minimal pericapsular invasion. The single slice technique which permits 
only visualization at one level, is however a limitation. 
Conclusion 
With the use of optimal fast MR sequences using post-processing 
techniques the several phases of enhancement of malignant and benign 
Figure 4.5A Figure 4.5B 
В 
For legends see text on page 44. 
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Figure 4.5C Figure 4.5D 
Figure 4.5. Patient with prostate cancer in both peripheral /ones with invasion in 
right part of central gland. On A, T2-weighted Turbo-SE image (TR/ТЕ = 
3000/160, 13 echo trains, matrix 360 χ 512, FOV = 260, slice thickness 5 mm) low-
signal area is visible in the right peripheral zone, representing tumor (arrows). 
Tumor extension in central gland cannot be determined, due to equal low signal 
intensity. B, subtraction TurboFLASH image (TR/TE/TI = 7/3/10, flip angle = 8°, 
matrix = 128 χ 256, FOV = 350 mm, slice thickness = 10 mm) 30 sec after arterial 
enhancement does not allow differentiation between tumor and surrounding 
tissues. On C, subtraction image six sec after arterial enhancement, and D, time-
image, thanks to earlier enhancement of cancer, invasion in central gland (arrows) 
and right peripheral zone can be depicted. E, slope-image shows steep slope in the 
center of the tumor (arrows). 
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tissues aflei íiijec non of gadolinium-containing с ondasi agents tan bc 
e\aluatc(l This results in impixned delineation of tumors. A probable 
explanation is unnor neovascularization. As ai picscnt more and moie 
studies repon the value of assessing neovasc ulai ii\ in the prognosis and 
treatment of malignant tumors, the use oflhese MR sequences during 
contrast injection will play an important role in the future. Howe\er, new 
fast multislice dynamic techniques will have lo he developed to enable 
multislice fast d\namic MR imaging dining the first-pass phase oí contrast 
enhancement. With this techniques the entire \olume of tumors showing 
nco\asculari7ation can be delineated with a lugli specificity in onl\ 30 
seconds. 
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MR CHARACTERIZATION OF SUSPICIOUS BREAST LESIONS WITH 
A GADOLINIUM-ENHANCED TURBOFLASH SUBTRACTION 
TECHNIQUE 
INTRODUCTION 
The use of magnetic resonance (MR) imaging oí the breast to visualize 
and characterize suspicions or indeterminate lesions is incieasing. MR 
imaging studies of the breast show thai almost all malignant lesions 
enhance after injection of contrast medium and that the absence of 
enhancement vhtuallv excludes the likelihood ol malignane (1). Bolli 
fat-suppressed three-dimensional MR imaging and dynamic examinations 
with gradient-echo sequences aftei injection ol conti ast medium appeal 
to be helpful in characterizing hi east lesions, but differentiation between 
benign and malignant lesions is olten not possible (2,3). We developed a 
gadolinium-enhanced dynamic TurboFLASH sequence (single section) in 
combination with a subtraction technique to deteimine whether a lesion 
•was benign or malignant on the basis ol its appeal ance time and palici η 
of enhancement. 
MATERIALS AND METHODS 
Patients ìeferred foi MR imaging weie suspected of having breast cancel 
on the basis of clinical Findings oi conventional imaging studies, that is, 
mammography and ultiasouncl (l 'S). A total of 91 lesions were evaluated 
in 83 patients. The mean age ol (he palienls was 51 years (range, 24-79 
ν ears). 
MR imaging was performed al 1.Γ> Τ with a Magnetom 63/84SP40ÜÜ unit 
(Siemens, Erlangen, German)). Befoie MR imaging, an intravenous 
catheter was inseited. The patient was placed in the pione position with 
the breasts hanging in a doublc-bieasi coil al ilie isoceiiter of the magnet. 
To reduce movement artifacts, the gap between the innei wall of the coil 
and the breasts was packed with cotton balling. If the tumor was palpable, 
a capsule containing cod lnei oil was fixed to the- skin to mai к the lesion. 
After sagittal localizer images weie obtained, a three-dimensional 
magnetization-prepared rapid giadient-echo sequence (MP-RAGF.) 
(10/4/300 [repetition time msec/echo time msec/inversion time msec], 
8° flip angle, 128 sections, 1.4-mni effective section thickness, 192\2.i6 
matrix, 300-mm field of view [FOYJ, transveise orientation, 3-minute 
acquisition time) was used to determine the level at which the tumoi was 
i l 
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o p l n n a l h \ isuah/ed Mult iplanai l e c o n s t u i c t i o n was pei foi m e d to select a 
cc nl ia l sec n o n p l a n e t h i o u g h the t n m o i This sc с n o n p l a n e was 
l i a n s \ c i s e h o i i e n l a i e d a n d inc luded a cioss section t h i o u g h the 
dt set i iding aoi la \t this section p lane, h() sequt ntial breast images weie 
o b t a i n e d c\ei\ 2 S seconds with a I n i b o fast low-angle shot 
( T u i b o F I A S H , Siemens, Li langen, Gei m a m ) secjiience (9/4/1"), 8° flip 
angli 10-nini section thickness 128x2ib m a t n x , 350-mm FOV, two 
acquisit ions) loi 2 m i n u t e s (4) \fter the fust foui images wei e obtained, 
a bolus i i i jett ion oí 0 2 m m o l gadopen te t a t i d i m e g l u m i n e (MagneMSt, 
Sc he n n g , Be ihn , Gei m a m ) pei kilogram hoch weight was adminis te ied 
within 10 seconds, followed b\ 20 ml Mushing bolus of noi mal salme 
solution 
П и at с] ш ι ed data u e i e t h e n tiansfei u d to a sepa ia te console for 
к consti m lion a n d subti action of imagi s lx foi e a n d aftei injection ol 
с oni ias i mal i ι ìal T h e t ime and pattei n o f t n h a n i e m e n t weie a n a h z e d 
at to i ding lo the following n ïtei ia 
T i m e of E n h a n c e m e n t 
T in image on u b i d i t i l i tit sc с nchng aoi la stai le cl to e n h a n c e was 
с oiisicleiecl t in l e l e i c n e t image al lime /с io 
This point in time was \isualh de le ι mine d on the subti acted images \\t 
t h e n dell 'i mint d al ulne h p o n n m u m i iht It sion b e c a m e e n h a n c e d O n 
the basis ol a it l iospt с ii\t t \aluai ion of ">0 bieasl lesions a n d on the 
t \ p t ι te nc с ol Ban nis/ ι ι al (4) with pc Kit m i n o i s we chose 11 î se concis 
allei aoi ne ι nhaiit ι nu ni lo ht ilu ι inoli Ix iween benign a n d malignant 
It sions I t MOI is thai stai u d to с ti liane с within 11 "> seconds aftei aoi tic 
enhance m< tit wi te u ga id i d as possibh mal ignant (Tig "•> 1 ) 
Pattern of Enhancement 
1 nhanc ι nit tit that stai it d at the pe i iphet λ and p iog iessed to the с ente ι 
Figure ·>.1. 
ImasiM chiri.il cue moma ol tilt light bic asi 
(Α) Μ.ι ni ni og ι ,ιι η shows posMl)h malignant lesion in uppei ІіаІГоГі ight bieast 
(B-Ε) Duiamic Tui bol· LASH subti acted MR images show enhancement of the 
It sum (ai low) M (В) l b seconds (С) l) 2 seconds (D) Il "> seconds and (E) 2 '> 
se ι onds following aoi tie opacification (li ne posime diagnosis) 
Figure 5-IA 
Chapter 5 
Figurea 5-IB 
Figure 5-1С 
Figure 5-ID Figure 5-IE 
β 
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of the lesion (centr ipeta l e n h a n c e m e n t ) was r ega rded as a sign of 
mal ignancy (5) . Conversely, e n h a n c e m e n t that s tar ted in the cen te r and 
progressed to the p e r i p h e r y (centrifugal e n h a n c e m e n t ) was r ega rded as a 
sign of ben ignane} even when it occu r r ed within f f .5 seconds of aortic 
e n h a n c e m e n t (Fig 5.2) (6) . 
Subtract ion was used to facilitate de tec t ion of the beg inn ing of and the 
pa t t e rn of e n h a n c e m e n t . 
Figure 5.2A 
Figure 5.2. 
Fibroadenoma of the left breast. 
(A) Mammogram shows smoothly 
outlined lesion. 
(B) US scan shows solid, hypoechoic 
mass. 
(C-F) Dynamic TurboFLASll subtracted 
MR images show enhancement of the 
lesion (arrow) at (C) 6.9 seconds. (D) 
9.2 seconds. (E) 11.5 seconds, and (F) 
13.8 seconds after aortic opacification. 
The enhancement progresses from the 
center to the periphery (centrifugal 
enhancement: true-negative diagnosis). 
Figure 5.2B 
: ¿ 
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Figure 5.2C 
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Figure 5.2D 
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Figure 5.2E Figure 5.2F 
Surgical biopsy and mastectomy specimens were examined pathologically 
by using a correlative radiologie-pathologie mapping technique (7). The 
histologic type and extent of each lesion were correlated with the MR 
findings. Because this study was limited in that a single-section 
TurboFLASH technique was used, only the primary tumor was evaluated 
and the MR findings compared with histologic findings. II'the three-
dimensional MP-RAGE sequence that preceded the TurboFLASH 
sequence depicted an additional lesion that could be included in the 
same section as the primary lesion, the additional lesion was also 
evaluated. This occurred in eight patients, giving a total of 91 lesions to be 
evaluated. 
The two independent observers (C.B., R.D.M.) who evaluated the MR 
images knew the patients' histories and the results of mammography and 
US, but they did not know the histologic diagnosis. 
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RESULTS 
NinetA-onc lesions m S'-î pat ients н е г е îmes t iga tcd boi toni lesions the 
chosen T u i h o F l ASH le\el did no t coincide with the position of the 
tumoi T h e s e lesions weie exc luded from e\a lnat ion T h u s 87 lesions 
r e m a i n e d foi fuilhei anahs is Of these, 65 lesions showed m a l i g n a n o at 
histologic examinat ion (Tahle 5 1) Sixt\-two of these 65 lesions (in 
Table 5.1 
Comparison of MR and Histologic Findings for 87 Patients: Overall Results. 
MR Finding 
Malignant 
Benign 
Total 
Histologic Finding 
Malignant 
62 
3 
<» 
Benign 
3 
19 
22 
Total 
65 
22 
87 
pat ients whose age s ι a n g e d li o m 31 to 80 \eai s, m e a n . V) 4 \eai s) stai leti 
to e n h a n c e w u h m 11 "> seconds \ccoi ding to the ci Hei ion ol the m o m e n t 
oí e n h a n c e m e n t . the\ weie c o i i e c t h d iagnosed as mal ignant (Tahle 5 2) 
T h e ì e m a i n m g l inee lesions showed n o (Uso lesions) oi late 
e n h a n c e m e n t and weie cons ide i ed to be ben ign In the lattei case, in 
which e n h a n c e m e n t was Hi st MSible altei 18 4 seconds histologic 
examina t ion ie\ealecl a ductal ca i c inoma in situ 10 m m m giealest 
d imens ion with a míe ι o i m a s n e locus ol a m u c i n o u s cai с m o m a 2 m m m 
gieatest dime nsion O n e ol t h e two mal ignant lesions without 
e n h a n c e m e n t was shown at histologic e x a m i n a t i o n lo be a ductal 
c a i c i n o m a m situ 2 m m m gieatest d i m e n s i o n , the othei was лп m\asi\e 
lobulai c a i c i n o m a 10 m m in gieatest d imens ion 
Twent\-two lesions (in pat ients whose ages ι a n g e d f ioni 2 1 to 72 \eais, 
m e a n , 47 c) \cais) p i o \ e d to be benign at histologic examinat ion 
N i n e t e e n lesions w e i r c o i i e c t h d iagnosed ace oi d i n g to l ime and pat te rn 
ol e n h a n c e m e n t 1 hese lesions inc luded foni f i b i o a d c n o m a s that 
e n h a n c e d within 11 5 sec o n d s b u t h a d a cenlnfugal pattei η T l n e e 
b e n i g n lesions \u ι e ιικ οι ι ec lh classified as mal ignant bee ause the\ 
s ta l led lo cullane e within 11 5 seconds with a diffuse palici η In out­
pat ient t h e lesion e n h a n c e d at 9 2 seconds a n d p ioxcd lo be c h i o m e 
a c t n e p e n d u e tal mastitis al histologic e x a m i n a t i o n (Fig 5 S) In a second 
pat ient , cubane c m c n l of a lesion stai ted at 11 5 see o n d s , bul the 
i l l 
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histologic findings were lobular adenosis a n d ducta l hyperplasia. In the 
t h i r d pat ient , t h e biopsy f indings showed b l u n t d u c t adenosis with 
epithel ia l hyperplasia. 
Figure 5.ЗА 
Figure 5.3. 
Chronic active periductal mastitis of the 
right breast. 
(A) Mammogram shows ill-defined mass 
in the subareolar region. 
(B) US scan shows ill-defined, hypo-
echoic mass. 
(C) TurboFLASH subtracted MR image 
obtained 9.2 seconds after aortic 
opacification shows enhancement of 
the lesion (false-positive diagnosis). 
(D) Photomicrograph demonstrates 
chronic, active periductal mastitis. 
Figure 5.3B 
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Figure 5.3C 
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DISCUSSION 
T h e t\ pical appea l ance oí a mal ignant tu moi of the hi east on MR images 
is a lesion of low signal mtensi i \ on u n e n h a n c e d 1 1-weighted images a n d 
of i n t o media te to high signal miensitv on T2 weighted images (8) With 
ilicsi sequences , howe\e i , a inumi mav be difficult to de l inea te if it is not 
sin r o u n d e d bv fatn tissue In addi t ion , nonmal ignan t lesions somet imes 
show similai signal intensit ies As with t u m o i s of otlic ι bod\ sites, 
inl iavcnous injection of p a i a m a g n e t u contiasl m e d i u m seems to be helpful 
in d imoi к cogni t ion a n d classification (4,9) Pieiecjuisitcs foi all existing 
\IR tec h i n q u e s a ie a d e d i c a t e d coil that offeis a g o o d signal-to-noise rat io 
a n d sequences with a high s e n s i l n m foi pai amagliene с ont las t agents 
Al p iesent , t h i e e main Upes of sequences a ie used foi MR imaging of t h e 
hi easts fat-suppi essed sequences , FLASH sequence s, a n d dvnamic 
scc]iienc us dui nig injection of cont i ast m e d i u m Hai n i s e i <il developed 
l lie к Haling dclixci \ of exci tat ion off l e s o n a n c e tec lini<|iie, wine h 
pi oil ι ices fat- suppi с ssc-cl I 1-weighted images (10) \c e o i d i n g to Haï m s et 
«il lal-suppi essed MR nuage s ai e supeuo i foi de pie ung с о н и ast matei îal-
enl ia iu e cl lesions L sing tins t echn ique the\ aclue \e d .ι se nsin\it\ of 1 ()()cr 
a n d a spccifiutv of V) f( (10) I his sequence l\ pe l i o w c u i doc s not allow 
cjuantification of the с nliancc nient ol the lesion noi doe s it pmvidc the 
oppoi (linux lo evaluate e nliancc m e n t in time T h u s ihe le e h i n q u e is of 
hule he lp m dif feicol lat ing bc nign h o m mal ignant lesions Rubens el al 
(11) used fat-supptessc d с hennca l shift imaging with g a d o p c n t c i a i c 
d i n i e g l u i m n e Reliable diftc icn i ia t ion between benign a n d mal ignant 
lesions was not possible with this t e c h n i q u e 
l>oth IIe\wang-kobi ш и н ι (N) a n d Kaisei a n d Demil ing (12) de s< ι ihcd 
the use ol FLASH se que ne с s bc tote a n d al tei t h e acini и ι ist ι at ion of 
conti ast matei ïal This η с linujiu allowed quantifie al ion ol e η han e e me ni 
Hcvwang-Kobi umici n i t i o d i u e ci the tei m noi m a h / e d units ( \ L ) f o i 
the quantitat ive evaluation ol me ìeasc s in signal mtensitv This s\slem of 
me asm e m e n t uses a lac loi that sets fat adjacent to the lesion at 1.500 \ L * 
1 he th i e sho ld foi signifie ant e nhane emen t m fast imaging studies was 
lound to be 500 NU ( Π ) Al though the sensitivitv foi the detect ion of 
c a i c i n o m a desc i ibed in o n e siuelv bv H e v w a n g c t a l (14) was 90.5% , the 
speclficitv was 429? Kaiset (l'i) l c g a i d e d the raj)id initial inciease in 
signal intens in altei m t i a v e n o u s injection of conti ast m e d i u m as the most 
useful MR c i i t e n o n loi malignanev H e a n d Mittclnie κ ι ( lb) ечріessed 
the inciease in signal mtensitv as a p e i c e n t a g e ι e lated lo baseline value 
In oui o p i n i o n this p iocec ln ie is nol fullv icliablc because the ])eicentage 
of me lease in signal intensitv d e p e n d s on the p i e e o n t i a s i signal in tens in , 
which mav vaiv gieatlv in i h e b i e a s t Kaisei (1">) icpoi led <i sensitivitv of 
(>(i 
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97 V/c and a specificil\ oí ')b У/? Howe\ei , most of the appai e n l h 
n o n m a h g n a n i lesions he detected wei e n o t p i o \ e d so al histologic 
examinat ion Mlga\ci et al (17) used a Tl-weightcd giachcnt-ccho 
sequence aftei g a d o p c n t e l a t e d i m e g l u m i n e injection I lien c i i t e n o n w a s 
\isibilil\ of conl ias i e n h a n c e m e n t that sui passed the signal intensitA of t h e 
sui r o u n d i n g fai Tlie\ к p o l l e d a sensiti\it\ ol 89 b'% but a specificit\ of 
o n h 29 4% 
( . leenstein O i e l el al ( 18) clescnbed a d u i a m i c sequence in which images 
weie o b t a i n e d al I >(Ю second m t e i \ a l s c lunng 4-7 m i n u t e s The\ 
e\aluated bieast lesions a u o i d m g to chnamic imaging and m o i p h o l o g ^ of 
e n h a n c e m e n t I lu \ siati d dial the spec ific il\ ol MR imaging loi the 
detect ion of bieast lesions ma\ m c i e a s e if the inoi phologic cha iac tens t ic s 
of a lesion a ie examine d logelhei with e n h a n c e m e n t cha iac tens t ic s 
Cilles et al (19,20) also used a chnamic sequi net with an acquisit ion t ime 
of 47 seconds 1 hc\ ι с poi ted a high sensili\il\, but specificit\ was a b o u t 
lOÇf in an e \a lual ion ol nonpa lpab l e bieasl t u m o i s T h e \ also clescnbed 
the use of a cKnamu sec|iic nee m ihe e \a lua t ion ol the î e sponse to 
p i e o p e i a t n c che mot ín lapv foi localh achanccd bieasl cancel 
To oui knowledge no (in iliei a l i empts h a \ e been m a d e to chl le ient ia te 
lesions of tlie bieasl b\ using a se-nes of a ιapicl-sequence îegis t ia t ions of 
enhanc einenl in limi On ilie basis of the f indings ol Baientsz et al (4) , 
who used the chnamic Tu iboFLASH s e q u e n c e lo e\aitiate c a i c m o m a of 
the m mai \ b laddei wt used the same m e t h o d to cha i ac l enze bieast 
lesions Willi ihcst sequences image legis t ia t ions can be m a d e at 2 3-
second miei \als The onset ol aoi tic e n h a n c e m e n t was selec ted to be the 
/ е ю p o m i , ilici eb\ pai ih b\passing t h e p i o b l e m ol \ a n a b l e с и d i l a t i o n 
limes a m o n g pal ien Is T h e e m p i n c a l h selected cutoll point of 11 ι 
seconds ace male h s e p a i a t e d m a l i g n a n t f iom benign lesions in oui stuch 
m a h g n a n l lesions showed e n h a n c e m e n t within 1 1 5 seconds, b e n i g n 
lesions showed e n h a n c e m e n t altei 1 1 5 seconds 1 he speed of 
e n h a n c e m e n t of a gi\en lesion did n o t d e p e n d on ilie e q u i p m e n t used, 
no i did the m e t h o d d e p e n d on the p i e c o n t i a s t signal ì n i cnsm 
T h e single-section chnamic I u i b o F I A S H technique has l imned \ a h i e m 
that tissue can be assessed at o n h o n e le\el I ocal spi ι ad b e \ o n d this 
section c a n n o t be assessed 
With t h e I i n b o H \SH sequence, t h e section l luckness с a n n o i be smallei 
than 10 m m , because with this s e q u e n c e iheie is a l imiled signal-lo-noise 
ìa t io, and with t h m n c i sc с l ions the qualil\ o f i h e images would be pooi 
O u i second cnte i ion is ι he p a t t e r n of e n h a n c e m e u 1 As clescnbed b\ 
Kaiser a n d D e i m l m g (12), f i b i o a d e n o m a s usualh d e m o n s l i a l e initial peak 
e n h a n c e m e n t in t h e cenici of the tumor, wheieas c a i e m o m a s t e n d to 
e n h a n c e most at the pe ι ìphc ι \ T h e s e findings a ie m асеслdance with oui 
dl 
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obsei \ a t ions T h e four fibroadenomas in oui sci ics e n h a n c e d within 11 5 
seconds af tei the aor ta opacified, bul all had a centrifugal pa t te rn . T h e 
size of the fibioadenomas \arrecí from 10 to 50 m m It should be no ted , 
howevei, that for small lesrons the second ci ilei ion is not alwavs 
appl icable . 
We ob ta ined a sensitivitv of 95'/<, a specifiutv of 86%, a n d an acctuac\ of 
93% in a g i o u p of 87 lesions. T h e smallest lesion in this g i o u p was 2 m m 
in gieatest d iamete i T h e s e í e su l i swe ie ob ta ined with pi к» knowledge of 
m a m m o g r a p h i e a n d US findings. U n d e i these c n c u m s t a n c e s , the MR 
findings were subject to a positive bias. Because (his studv of the Turbo-
F I A S H examrnat ion was per ior m e d to e\aluale a new fast d v n a m i t 
sequence, we accepted this condrtron. Oí course, the diagnostic 
pei foi m a n c e of the p r o p o s e d MR imaging sequence will h a \ e to be tested 
m a piospect ive studv m which obse r \ e r s make an i n d e p e n d e n t diagnosis 
with each test In clinical p iac t ice , howevei, MR lirragmg usualh is not the 
fii st examrnat ion p e r l o i m e d , and its exact place rrr patient с а н will have 
to be def ined 
I l u c e benign lesions e n h a n c e d withrn 11 "> seconds a n d with a diffuse 
pattei η In the pat ient with c h i o m e active p e n d u e tal mastitis a n d the two 
pane nts with hvpei plastic p ioh le i a n o n this lalse-positi\e e n h a n c e m e n i 
was hkclv caused bv increased \asculan/at ion a r o u n d the lesrorr T h e 
ι csulis toi these tin ее pat ients , the ι epi e s e n l a m e s of the 86'? specifiuiv 
of diagnosis based on MR imaging a lone, ll lustiale that institution of 
lieat m e n l is not wai ι an ted without a biops\ loi conil i mat ion 
Thic с (alse-negatrve d iagnoses weie m a d e on the basis of MR findings 
O n e lc sion, a well-diff( 'initiated iion-comcclo-tvpe 2 m m in gieatest 
d i a m c i e i , did not cullane e Mamiiiogi.iphv лпа L S scans wei e noi mal. 
This iiiinoi was an ì n u d c n i a l f inding and was ι esce ted because of subtle 
skin ι eli action above the lesion Anol lu i luinoi was sampled lor bropsv on 
the basis of suspicious microcalc itic al lons on the m a m m o g r a m , a n d rt 
proved at histologic e x a m i n a t i o n to be an m i i a d u c tal с ai emonia of t h e 
poorlv differentiated c o m e d o tvpc П к U sion was 10 m m in gieatest 
diameter a n d h a d a 2-mm m u i o m v a s n c locus of a m u c i n o u s carc inoma. 
This tumor e n h a n c e d 18.4 seconds aflei the aoi t<i opacified, e x c e e d i n g 
oui cutoff po int of 11 5sc '(orrds If we h a d nrc leased our threshold to 1 8 4 
seconds to include this lesrorr, we would have h a d m o i e false- positive 
diagnoses than we did (Table 5 2) T h e third false- negative diagnosis was 
a 4-cm rnvasrve lobular car e m o n i a T h e i c was a distolteci a iea at 
m a m m o g r a p h v , but MR imaging showed no abnoi maluies P e i h a p s we 
missed this lesion because of its peculiai histologie g iowih paliei n, m 
which tuiiioi cells sp iead t h i o u g h i h m l ib ious i h i e a d s between noi mal 
f a m aieas 
h'J 
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We conclude that MR imaging with (lie technique s used in oui Much is an 
acculate modalm foi the examination of the bu ast u also has a high 
sensitmn (l)Y/c in oui senes) 
To impio\e the specificit\, time images should be obtained I he speed ol 
enhancement with a cutoil point ol 115 seconds and the palli ι η of 
enhancement aie uselul entena loi the diffeientiation of hi east lesions 
The use ol closeh spaced, timed images aftei l iqution ot a lonuast 
medium is leuaiding In companson with othei studies, we obtained an 
mipio\eil speiiücm oí 8(>% 
hi 
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THE COMPARATIVE ACCURACY OF MRI TO MAMMOGRAPHY AND 
ULTRASOUND IN ASSESSING THE EXTENT OF BREAST TUMORS 
INTRODUCTION 
Al pi escili, the most elicerne imaging technique foi the detection of 
bit <is( tantci is mammogiaph\ Its st nsiti\i(\ was close to 90% in л 
sti ecning population (1) Hovvevei, the extent of the lumoi is olten 
undci estimated with this technique (2) 
I lliasonogiaphv (US) appeals to be more at ( mate than mammogiaph\ 
toi fletei mining actual lumoi size, but ìesulls with icspetl to tumoi 
deletlion ι emani disappointing (3) 
In it-cent \eais, contiast matenal-enhantcd magnetic i tsonance (MR) 
imaging has been adtletl to the list ol imaging let hinques loi bieast 
lesions. Diffeientiation between benign and malignant lesions is still 
pioblematit in some cases, hovvevei, application of the thnamic tui bo fast 
low-angle shot (TuiboFLASH, Siemtns, t i langt η, Gcinianv) technique in 
the bieast, which has lecenth been lepoit td, appeals to be promising 
(4,5,6) With ι egard to the peifoi mante of MR imaging in size 
dt lei mmation, lew data ate available (7,8) Attuiate detei mination oí the 
extent of a given tumoi and possiblt multifot alu\ is essential, when a 
hi casi consci \ mg single al appi oat li is tonsidcied. 
In the piesenl stud\, a sei ics of b() patients Willi niahgnant breast lesions 
weie examined with maniniogiaphv, l S and MR imaging The findings 
bom these thiee imaging methods weie subsequenth compared Willi 
histologic examinations Special emphasis was placed on detei nunalion 
ol the size and multifot aim of the tumors 
MATERIALS AND METHODS 
Histologic ìesulls and pieopeiati\e imaging findings (niainmogtaphv, US, 
and MR imaging) in 60 tonsecutive women undeigoing mastetloim for 
t ait moma weie anahzed These women weie su spet tt d of having bieast 
cantei on the basis ol clinical findings oi conventional imaging studies, 
thai is mammogiaphv and LS \anous factois influente the decision to 
pt ι form a maslecloim Among these are the si/e of the lumoi in ι elation 
to the size oí the breast, a mammogiam suggesimg mululocalitv oi an 
exit nsive liiliaducial component, and the piefeience of the patient The 
mt an age of the patients was 53 (langt, 32-72) \eais Tluee women who 
had undeigone a pievious breast conserving iiealment weie tieated loi 
(іЧ 
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ι ее vii l e n t cancel O n e pat ient unclei went bilateral mastcc tom\ λ total of 
01 inastectom\ spec imens weie studied h i s t o l o g i c a l 
Foi the m a m m o g i a p h i c e x a m i n a t i o n a ( GR 600T unit (GE Medical 
S\slems, Milwaukee, Wis, USA) was used In addi t ion to the s t a n d a i d 
obl ique a n d c i a n i o c a u d a l pioject ions, magnification wews in b o t h 
p io jcct ions we ie o b t a i n e d in m o s t e a s e s 
W'liole-bieast l S was pei foi m e d with an SSD 050 uni t (Aloka, Tokw>, 
| a p a n ) with a 10 MHz t i a n s d u c e i , \\hich allowed sul l icient p e n e t i a t i o n of 
the breast in all pat ients T h e îesults oí physical examina t ion a n d 
inammogiap l · ^ wei e gene i alh known to the ìmest igatoi T h e US 
examina t ion p i e c e d e d MR imaging 
MR imaging was pei foi m e d with a Magne tom 03 /84SP4000 imagei 
(Siemens, Er langen , Gei many) at 1 5 Tesla. Patients weie s tudied in the 
p i o n e position with a doub l e bieast coil Gadopen t e t a t e d imeg lumine 
( \ l agne \ i s t , S( 1κ ι nig, Beihn Gei m a m ) at a close oí 0 2 m m o l pei 
ki logiam ofbodv weight was appl ied 
Villi sagittal lo ia l i /e i images weit ob ta ined , a th iee-chmensional (41)) 
m.igiu ii /ation-pi ι pai ed ι <ipid gì adit nt ι с h o (MP-RAGI- ) sequence 
wil hoi it usi ol ( о н и ast me d u i m was pc t foi m e d (10 Ч МЮ Ltepetition 
timi inset 11 b o t i m i insci i m i ι Sion limi msec] flip angle 8 128 
st ι lions, 1 4-шш iHi'tUM si ι n o n ihn km ss, 142 \ 230 mati ix, 300-mm 
Ik Id ol \iew | F O Y ] , t ians\i isi o i ienta l ion, Vminute acquisit ion t ime) 
Y\ u h mul t ip lanai tec onsli in lion, the opt imal axial section p l a n e was then 
selected t h i o u g h ilio ceiilei ol ihe index uiinoi This p l a n e alwa\s 
inc luded a cioss sec n o n ol (lit descending aoi ta In ihe same plane 00 
sequentia l b n a s i images weit o b t a i n e d with a te m p o i a l lesolut ion ol 2 '-5 
seconds d u i m g 2 m i n u t e s , b\ using the сіміашіс I i n b o H \ S H seque nee 
(() 1 l'i 8 - Πιρ angle . 10-min sc ι n o n tine kne ss 128 χ 250 mati ix. 450-
mni K ) \ two acquisit ions) Miei the fusi loin image s w i n acc]uiicd the 
с ont ι ast m e d i u m was acini ι η ist 11 ed m u aw ìioiish within 10 set onds . 
followed b\ a bolus ol 20 m l ol noi mal saline solution W c i c c c n i h 
i c p o i t e d a m o i e detai led riesci iption ol ihe ehnamii T i n b o F I A S I I 
le с h i n q u e (h) 
\tlei the T u i b o H \ S H s e q u e n c e , the 4D MP-RAGE sc q u e n c e was 
и p e a t e d with t u n i n g p a i a m e t e i s adjusted oil-line to malt h the 
p ie t out la s t p a i a m e t e i settings T h e whole e x a m i n a t i o n , including the 
p i e c o n t i a s t MP-RAGF, the postcont ias t chnamic T u i b o F I A S H , a n d the 
posit ont iast M P R A G I s e q u e n c e lasted about 20 m i n u t e s 
1 he data acq tin cd with the I uiboFLASH sequence weie t h e n li ansici ie d 
to a scpa ia lc console foi subii act ion ol postcont ias t i m i n p i e c o n t i a s t 
images 
I he subii ас le tl Ti i iboFLASH images wei с used to dete i m i n e the stai l a n d 
7(1 
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speed of e n h a n c e m e n t , which were s n h s c q n e n l h a n a h z e d ac coi d i n g to 
the following d i t e i i a T h e image o n which the d e s c e n d i n g a o i t a stai ted to 
e n h a n c e was ( o n s i d e i e d the к fe ience image at tune / n o I esions that 
stai ted to e n h a n c e within 11 "i seconds aft см aoi tic e n h a n c e n u ni weic 
consideic (1 snspecl foi m a l i g n a n o (6) 
From (he stilili acted MP-RAGF images, a 41) nmUiplanai ie< o n s i r u c t i o n 
o f t h e e n t n c hi east was gene ι ated lo e\ aitiate the index lesion m m o i e 
detail a n d to identify othei possible foci of ( n h a n c e m e n t T l u images 
weie then evaluated a t t e n d i n g to the p a t t e r n a n d shape ot e n h a n c e m e n t 
Focal e n h a n c e m e n t , espc с lalh with η ìegiilai hoi de is , was с o n s i d e i e d 
suspicious toi m a l i g n a n o (°) Diffuse field e n h a n c e m c nl, ei lhei 
h o m o g e n e o u s oi i n h o m o g e n e ons, was с o n s i d e i e d eq imoc al, since this 
p a t t e r n of e n h a n c e m e n t ma\ he seen m b o t h benign a n d m a l i g n a n t 
lesions MR imaging is alwa\s pe ι foi m e d b e l o i e n e e d l e biops\ so su igu <tl 
changes pose n o diagnostic p i o b l e m s 
All m a s t e c t o n n spec imens wctc e x a m i n e d with Kgan's sen.il subgmss a n d 
coi ι e lated ladiogiaphic-lusiologic m e t h o d (10) In this tec h i n q u e t h e 
suigical biops\ specimen and the whole-bieast spec imen is sec t i o n e d at V 
m m mtei \als m the t ians\eise d n e c tion a n d eac h sec n o n is ι a d i o g i a p l u cl 
I issue hloe ks foi histologic e x a m i n a t i o n ai e taken fi o m the ι ad io logu alh 
suspicious lc sion s (ι e , those with une ι oc ale locat ions oi aie lutee tui ìal 
distort ions) a n d f iom aieas showing giossh suspicious с b a n g e s In a m 
bieasl spec mien, an a\eiage of 25 tissue bloc ks are taken h o m t h e 
quachant c o n t a i n i n g the index lesion, m addi t ion to l a n d o i n samples 
fiom othei entachants, the nipple, a n d the t e n t i al ai ea b e n e a t h t h e 
nipple-ai colai c o m p l e x Roth the pi ease site of the tissue bloc ks taken 
a n d the in it loscopiealh \ei ific-d extens ion of each lesion aie- indicated on 
the specimen lachogiaph ( I I ) This m e t h o d pei mits m e u t n ions 
his topathologic assessment ol the extent лш\ possible muldfoc a i m of the 
l u m o i o u s piocess E n h a n c i n g lesions o n MR images wc ie identif ied a n d 
located on the s p e c i m e n î ad iog i aphs a n d then m the tissue sections, and 
the c o i i e s p o n d m g tissue blocks weie s tudied histologtcalh 
T h e size ol the tumoi was assessed with all l i n e e imaging t echn iques b\ 
detei min ing the longest axis ol the tumoi T h e tumoi mai gins we ie 
defined h\ the a iea ol miciocalcification disti lbut ion, the ex ten t of the 
soft tissue c o m p o n e n t , and the a iea of a ich i tec t tna l d is toi t ion ol b ieas l 
tissue 
At MR imaging the longest axis was assessed b\ m e a s u n n g the lesion on 
the subti acted a n d ìeconst i ut ted 3D MP-RAG r images 1 he size 
differences be tween ìmaging-based m e a s i u e m e n t s and specimen-based 
pathologic m e a s i u e m e n t s wei e expiessed in ì e l a t n e tei ms Ρ \allies Ιοί 
c o m p a i a t n e pei foi m a n c e m size detei m m a t i o n weie calculated 
71 
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RESULTS 
Detection of the index tumor 
A total of 61 luinoi s wei e evaluated I h e imaging findings and definitive 
histologic lesulls are s u m m a n z e d in Table 6 1. 
In six cases (10%) the index tumoi was no t visible on the m a m m o g i a m s 
Table 6.1 
Index tumors not recognized by the different imaging modalities, related to 
histologic subtype. 
IDC 
ILC 
DCIS 
MED ( A 
РАРСЧ 
Not pei f oi med 
TOTAL 
Histology 
Nr 
41 
9 
8 
2 
1 
61 
MAM 
4 
2 
Ь 
US 
S 
1 
5 
2" 
11 
MRI 
1 
1 
IDC: ln\.is]\c Duct ( d iunoma ILC: Invasive I obuLii ( au moina 
DCIS: Duc Uil ( аісшоша In Situ MED CA: MFDullaiv ( \к moma 
PAP CA: ]'\Рі11ді С \it i i ioma MAM: MAMmogiaphv 
1 caseol ID( and 1 cast of D( ÍS 
\ \ íth L S, n ine oí 59 ( 15% ) tumoi s wei e no t íec o g n i / e d In one case of 
ductal с а н m o m a in situ (DCIS) лпй 1 case of invasive duc 1 c a i c m o m a 
(IDC), US was not p e r f o i m e d 
All Il l inois bul o n e were d e m o l i s t i a t e d with t h e c o m b i n e d TuiboFLASH 
a n d SD MP RAGl· MR imaging t e c h n i q u e T h e single MR imaging 
negative d imoi was a DCIS with a chametei of 9 cm Tin ее lesions wei e 
n o t appai eut m t h e chosen T u i b o F L A S H section, because the legion of 
inteiest could not be p r o p c i lv identified on the p i e c o n t i a s t SD MP-RAGI 
images Howevei, all l i n e e weie ì ecognized on the pos lconl ias l 3D MP 
RAGE images Foi the 40 cases of IDC , the m e a n t ime to the stait of 
e n h a n c e m e n t on the TurboKI ASH images was b 2 seconds ( lange , 2 3-
1 1 5 seconds) , foi the e ight cases of invasive lobulai c a i c m o m a (ILC). the 
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m e a n t ime was 7.9 seconds ( range, 4.6-11.5 .seconds); a n d lor t h e six cases 
ol p u r e DCIS the m e a n t ime was 7.Π seconds ( range, 6.9-9.2 s e c o n d s ) . 
Size determination of the index tumor 
T h e pathologicallv d e t e r m i n e d t u m o r si/e, based on die- largest d iameter , 
vaiied from 1 to 15 cm. Deviations in die size of the lesions d e t e r m i n e d 
with m a m m o g r a p h y , US a n d MR imaging, respectively c o m p a r e d with 
those d e t e r m i n e d histologically, a re shown in figures 6.1-6.3. 
When sizes are expressed in relati\e terms, i n a m m o g i a p l n a n d US 
nuclei est imate the actual t u m o r si/e In statistic alh significant (P<.()05) 
si/e differences ol 149c a n d 189?, r e s p e c m e h , in c o n t u s i lo a not 
Table 6.2 
Deviation in tumor size determined by mammography, US and MRI relative to 
histologic tumor size. 
Systematic 
Random 
MAM 
N=55 
-14% x 
4 1 % 
US 
N=50 
-18% x 
37% 
MRI 
N=60 
i%-
29% 
\ . Ρ < 0.005; - : noi significani 
significant size difference of onK 1% foi MR imaging (Table 6.2, Figure 
6.4). 
Table 6.3 
Deviation in size determined by mammography, US and MRI relative to histologic 
tumor size by tumor type. 
IDC 
ILC 
DCIS 
MAM 
-5%-
(37) 
-37% x 
(7) 
-29% x 
(8) 
US 
-9%-
(37) 
- 4 3 % x 
(8) 
(2) 
MRI 
-3%-
(41) 
-16%-
(9) 
-8%-
(7) 
IDC: In\asi\e Duct Cai emonia; ILC 1п\ам\е I.obiilai Сак moma; 
DCIS: Ductal Cai chioma In Situ. 
χ : Ρ < 0.005; - : nol significant 
T:Í 
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T h e discrepancies in si/e toi m a m m o g i a p h n , L S , a n d MR imaging Γ01 the 
\aiicms t u m o i t\pes (II)( , II С a n d DCIS) are listed in Table 6 3 
Detection of invasive tumor multifocality 
Of the 61 m a s l e c l o n n specimens, 12 c o n t a i n e d a multifocal m\asi\e 
liimoi at histologic e x a m i n a t i o n with, î e s p e c t n e h , o n e (se \en cases), two 
(two cases) a n d multiple (t ineс cases) small t u m o i loci 111 addi t ion to the 
index t u m o i O n e spc с m u 11 с o i i ta ined mul t icent i ie lesions at the side of 
the s e c o n d in\asi\e lunioi, a d is tance of 4 5 cm f iom the index t u m o r 
( F i g u i e b ô ) These findings ai e summar ized in Table b 4 MR imaging was 
100% accura te in idcn l i fung tumoi multifocalit\ , whe ieas m a m m o g i a p h v 
had an accuracy of 31 % and US had an ассшас\ of H89r 
Table 6.4 
Sensitivity of the three imaging modalities for detecting invasive tumor 
multifocality and unifocality. 
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DISCUSSION 
Acculate definit ion ol the e \ u 111 Mid possible niuliiloc alit\ of t u m o i s is 
( ssential toi making the e h o u e between the thciapcut ic opt ions of bieast 
( onsc 1 \ m g t i e a t m e n t лп<\ inasie с t o n n 
In flit p i e s e n t stuch the lesultsof m a m n i o g i a p l n l S ,ιικί MR imaging 
wcie с o m p a i e d with the final histologic u suits in bl i n a s u n o i m 
Figures 6.1-6.3 
Deuations of (1) mammogiaplncalb deteimined tumoi si/es (11 = ")")), I S-
detei mined si/rs (n = ">0) .nul MR miaging-dctti mined si/es (n=60) hom 
histological detei mined si/es (some dois îepiesent mou than one tumoi ) 
Incieasing dewation o( mammogiaphic and LS tumoi si/es with increasing 
histologic tumoi si/es is appaient I he deuations aie i \piessed in telarne tei ms 
(see Table 6 2) 
Mammogiaphic and l S measinements signihcanlh iindeieslimared tumoi si/e b\ 
1 \4< (1 0 01-) and I8'( (1 -0 0I-) le-spectneh In eonu.isi llieic was no significant 
eliffe ìcnce (1% ) betwee η tilt MR imaging and histologie lunioi sizes (1 -0 1 ) 
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Figure 6-4A Figure 6-4B 
Figure 6.4 
Images of 65 year-old woman with suspicious microcalcifications in the left breast 
detected at routine screening. (A) Oblique-lateral projection mammogram shows 
microcalcifications in a 3.5-cm region. No abnormality was seen in the right breast. 
(B) Subtracted reconstructed .SD MP-RAGE image shows enhancement in a 7-cm 
diameter area. Histology revealed an IDC: with a 7-cm diameter. 
specimens for determining the actual size of the reference tumor as 
measured at histologic examination. Also, the accuracy in recognizing 
additional tumor foci, that is, tumor multifocality was evaluated. 
Detection of the index tumor 
The reported sensitivity of mammography for the detection of breast 
cancer varies between 69% and 90%. Peeters et al (12) reported a 
sensitivity of 93% and a specificity of 99% for mammography in a breast 
screening study. Baker (1) reported a multicenter study in which 90% of 
all malignant lesions were detected in a screening population. In a 
symptomatic patient population the sensitivity of mammography for 
malignancy varied from 81 to 96% (13). The sensitivity of 90% in the 
present study of 60 symptomatic patients is within this range. 
The most important role of US is the differentiation between cystic and 
solid masses. While US is 96-100% accurate in identifying a cyst, it is less 
reliable in differentiating between benign and malignant solid masses, 
especially because of the overlap between the features of certain types of 
fibroadenomas and carcinomas (14). In the present study, in nine of 59 
patients no abnormalities were seen with US in the mammographically 
7S 
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suspicious area, resulting in a sensitivity of 85%. However, five of the nine 
US-occult tumors were DCIS. This result is in agreement with the 
experience of Kopans et al ( 15), indicating that pure DCIS is often not 
seen on US, and thus US is not suitable for screening purposes. 
The sensitivity of MR imaging in various studies for detecting carcinoma 
of the breast is high. Harms et al (16) reported a sensitivity of 100%, while 
Heywang-Köbrunner et al (17) claimed a sensitivity of 99.5%. 
In a previous study in which the combined 3D MP-RAGE/TuiboFUYSH 
technique was used in 83 patients, we achieved a sensitivity of 95% and a 
specificity of 86% (6). The 3D MP-RAGE sequence has a high sensitivity 
for detecting lesions, while the TurboFLASH sequence is able to help 
differentiate between benign and malignant lesions. 
All but one of the index tumors in the present study were recognized at 
MR imaging and classified as malignant. The single tumor occult to MR 
imaging was a well-differentiated (non-comedo) DCIS detected by means 
of mammographie microcalcifications. 
On the whole, the most rapid start of enhancement was shown by the 
Figure 6-5A Figure 6-5B 
Figure 6.5 
Images of 44 year-old woman who had undergone breast saving therapy 2 years 
previously for an IDC of the left breast and who now presented with a palpahle 
lump in the lateral upper quadrant of the same breast. (A) Mammogram shows an 
irregular 1.5-cin diameter lesion. US confirmed this lesion. (B) Subtracted 
sagittali)' reconstructed 3D MP-RAGE image shows two enhancing lesions, one 
corresponding to the index tumor, and an additional 1-cm diameter lesion just 
caudal to the mamilla. Histology' revealed that both lesions were IDCs. 
7'. I 
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IDCs. T h e six cases of p i n e DOIS began e n h a n c i n g an a\erage oi 1.4 
seconds later, while the r ighi с asrs of IFC began e n h a n c i n g at a m e a n of 
7.9 seconds, or 1.7 seconds later t h a n the IDCs.. 
Size determination of the index tumor 
F o r n a g e el al. (3) compai r d i h r c lmicalh, m a i n m o g r a p h i c a l h and 
s o n o g i a p h i c a l h d e t e r m i n e d si/es of cancers in a series of 31 patients a n d 
c o n c l u d e d that m a m m o g i a p l n is less accurate than sonography m 
assessing t u m o i size. 
H a r m s et al (5) r e p o n e d thai lumoi size can be bet ter assessed with MR 
imaging t h a n with m a m m o g i a p h \ a n d thai MR imaging often p r o u d e s 
be t te r de l ineat ion of a lesion lhan does m a m m o g i a p l n . In a series ol 47 
m a l i g n a n t lesions, t u m o i si/e m e a s t n e d with MR imaging corre la ted m o i e 
closeh with histologic m e a s i u c m c n t s than did m a m m o g r a p h i e 
measui e m e n t s in 33 cases (7) Ci ìbbestad et al ( IS) also demolisti atecl 
that MR imaging showed belici accuiac\ in lunioi si/e detei mmat ion 
lhan dici m a m m o g i a p h \ 
In the pic sent stuch. MR imaging pi o \ed lo be ι he most ас с ui ate m e t h o d 
toi assessment ol t u m o i si/e (Fig I) 1-6.3, Table (> 2) \ e \ e i tbeless, an 
e\ti e m e d i s c i e p a n o was n o t e d in the ( ase o( an II С in whic h the 
pathologic t u m o r d iamete i was 15 cm, bul oiiK pail of it, n a m e h 1 cm 
e n h a n c e d . Also, a wel l-di l leienlialed ( n o n - c o m e d o ) t\pe of DCIS with a 
d iamele i of 9 cm showed n o e n h a n c e m e n t al .ill. 
In a subset of eight pat ients, we also studied ihc ( apab i lm of \IR imaging 
to show an c\tcnsi\e inn aducla l t o m p o n e n l m assoc lalion with the 
m\asi\e lunioi (19) \\ bile the si/e of the m\asi\e pai l was c o n et ih 
est ι mal ed. ι he DCIS с om pon en l, with an a\ei age eMension of 3 .") с m 
( l a n g e . 1-7 с m ) , was t indei es t imated Ы m o i e lhan 1 с m m all palien ι s In 
six ol ihese eight pat ients the DCIS was histologic alh ol the well-
dillei cullateci ( n o n - c o m e d o ) t\pe. I his f inding is m ас с οι ciane e w uh ihe 
lesi ili s ol Ci een si e m Οι el el al (20). who desci ibe how some ( ases ol 
DCIS nil» be impossible- lo i d e n t i h with MR imaging (20). In coniiasi , 
He\wang-Kobi m i n e r (21 ) d e s c u b e s a series ol 19 m situ c a i c i n o m a s dial 
appaici i lh. all e n h a n c e d . 
Detection of invasive tumor multifocality 
H o l l a n d et al (2). in a stuch of 282 h n a s r u · caneéis , showed that m 43 ' í of 
the cases, addi t ional tumoi loci weie p iesent b c \ o n d 2 cm fiom the 
mai gin of the reference tumoi . Flic ma jo rm of these foci weie occult at 
m a m m o g i a p l n . T h e s e data indicate that while mammography is accula le 
XI) 
С h aIilo 6 
m deten tu it» the icTeience lesion. П is less ac с m a t e in idcntif\mg 
multifoc ahl\ 
To oui knowledge, n o ìesiilis on die abiht\ of l S in del i ι ling tniiioi 
mulufoial iU Ііам been l e p o i t e d 
I lai nis el <il (7) icpoi led dial MR imaging d e p u led all addiuon. i l 
nianiniogiapliK alh cuculi cai κ ι is in 11 of 40 < ases in which llic whole 
breast spec mien was seiialh s( ( n o n e d He\wang-kobi n n n e i лпа 
Oellingei (22) l e p o i l e d that MR imaging was able lo show 8 0 % o( all 
malignant toi ι, wheieas m a i n m o g t a p l n showed o n h 20% In t h e p u s i n i 
stnd\, <ill histologic alh pi о м d addi t ional m a l i g n a n ! i m a s n e lesions wi e 
idc η titled on \IR images ( I able h i ) Л11 these toe ι weie ι b a i a i lei ι/ι d In 
n i e g n l a i edges on t h e 3D \I1'-R \(>b images I wo l i h m a d e n o n i a s wi ic 
c o i i e c t h identified on 'M) MP-RU.l · images, howexei, l i n e e addi t ional 
lesions that Ι η Mi lied oui MR imaging e n t e n a foi m a l i g n a n o lui n e d οι ι lo 
be f ìb ioadenoinas 
The ii 'sulis ot lins stiich indu , i l e that MR imaging < an pla\ a 
с o inplenienia i \ io le to n iani i i iog iapln a n d l S in g u i d i n g the suigu al 
ti ea tment ot hi east ι ani ei, b\ ils abilit\ to pi m i d e a bc Hei assessment of 
the extent a n d mult if oc aht\ of the mal ignant pi oc ι ss In this i d i ospi с i n e 
sluch, we a n a h / e d (il masiec loim spec imens Multifoc ahl\ was not ic i 
histologic alh a n d with MR imaging m LS pat ients , wliei eas it was si ι η with 
m a i i m i o g i a p l n in o n h foui с ase s S i i n e the 11toi« e beiween bieasi sa\mg 
theiapx a n d i n a s i e i l o i m is noi o n h based on p i e o p i iali\e imaging 
findings but also on the j u d g e m e n t of the su igeon a n d the wish of tin 
patient, it is diffidili to isolale llic ι Ifi i t of MR diagnosis a l o n e on jiaii η l 
m a n a g e m e n t Bei ause falsc-роміім diagnoses a ie i ai ι m oui e \ p e i i i n c i 
il ι an he i o n i h i d e d that MR imaging was de i імм· m a max ι im mi ol nini 
pat ients 
In conclus ion, the histologic findings of 61 masiec loi m sjx'c im en s wi ι ί­
σοι telateci with j j ieopeial iM n u m m o » ι a p i n I 'S . a n d MR imaging 11 suits 
MR imaging showed all histologic alh pio\ecl mal ignant li sions с \< ej)l 
o n e a n d allowed est imation ol the si/e oí the lutimi m o i e ас с u i a l e h iban 
did m a m m o g i a p h \ a n d US T h e si/e ol laigei l u m o i s was ι spei iall\ 
u n d e i e s t i m a t e d with m a m m o g i a p h \ a n d US Addit ional inaligli.ml 
lestons, m p.ul icular i m a s n e loci ol mult i local Illinois, weie best 
identified with MR imaging 
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Chapín 7 
FALSE-NEGATIVE MR IMAGING OF MALIGNANT BREAST 
TUMORS 
INTRODUCTION 
Mammogiaph\ is at pit-sent the most effectue modahlv loi the detection 
oi breast cancel Its sensitnitv is close to 90% (1). Magnetic íesonance 
imaging (MR imaging) oí the bieast without the use ol a conti ast medium 
is consideied to be compaiable to mammogiaph\ (2) Howeyei, with the 
use ol a conti ast medium, MR imaging is moie sensitive loi the detection 
ol malignant lesions than nummogiaphv Kaisei claims that absence of 
conti ast enhancement excludes malignano with a high degiee ol 
confidence and this is also suppoiled b\ Ilaims and Паішц (3,4). 
The lepoited sensili\it\ ol tonti ast mateiial-enhanttd \1R imaging m the 
chi lei ent senes is high, bin as demolisti ated b\ Pieice et al, noi mal bieast 
tissue can also enhance io a tei tain le\el especially in die letioaieolai 
aiea, lui theimoie, some benign lesions ma\ enhance as well (j) This 
lesults in a specificity as lepoited bv Heyywmg-Kobi unnei et al oí 429? and 
b\ Hai ms et al ol Ь\'/< (b,4) Onh Kaisei claims a \ei\ high specilicit\ oí 
1)ЬУ% (3) 
I ess attention is paid in the liteiatine to the lalse-negauve it-suits ol 
tonti ast matei ìal-enhaiH ed MR imaging (7,8,9) 
We e\alitateci the MR findings oí 208 bieast lesions delected bv palpation 
and/οι mammogiaphv I he findings weie subsequently compaiedwith 
the histological icsults Special emphasis y\as placed on MR negative 
malignant lesions 
MATERIALS AND METHODS 
Histologic lesulis and pi copi ι alive imaging findings (mammogiaphv, 
ulliasound (LS), MR imaging) in 204 women subjt t led to с nhci 
mastectomy oi lumpectomy foi a malignant oi benign lesion of the bieast 
weie analysed The mean agt of ihe patients was V2 ι vt <u s (ι ange, 19-81 
veáis) Tv\o patients nuclei vu'iil a bilateial mastec toinv, ont patient a 
bilaleial bieast saving theiapv and anothci patient a hi late îal lumpec toim 
Thus a total numbei ol 208 lesions vvcic available (oi analysis 
Foi the mammogiaphic examination a CGR uOOT ((.Г. Mc dual Svstems, 
Milwaukee, Wis , USA) was used In addition to the slanciaid oblique and 
cianiocaudal piojeclions, magnification views m bolli piojcc lions weie 
obtained m most cases 
Í M 
( ha f tifi / 
\\ h o k hi ( «ist u l t i a s o n o g i a p h \ (LS) was pei Ιοί u u cl ou au SSI) bïO ( Aloka 
Го1ч\о (арап) with a 10 MHz t iansducei 
MR Ш1ЛЦ1ИЦ \\<is pei toi m e d o n а M a g n e t o m (> V 8 4 SP4000 (Siemens 
l i l a n g e n (.ι i m a m ) at a he ld s t iength oí 1 ") Tc sla (ciclopc ntetatc 
clini«, цііііішк. ( M a g n e u s t Schei m g Bei lm (.с i m a m ) was used as conti ast 
m e d i u m λ!(ι ι sagittal localizei images wei t óblame el a d u c e 
clinic nsioii.il П1ЛЦ1Н t iza t ion-piepa ied ι apici giacile nt-ccho s e q u e n c e (SD 
M P RA(>1 ) ( 1 0 / 4 / ^ 0 0 [ ì epe t i t ion t ime m s t c / c c l i o tunc n i s c c / i m e i s i o n 
lune nisc с 1, 8G flip angle , 128 sect ions 1 4-miii с lice li\c section thickness 
l()2\2">(> m a n i\ WO-inin held ot \iew [FO\ I nans\eisc οι lentat ion, five 
ininulc ac c|uisi(ion tunc ) was vised to detei nunc the lc\cl al which the 
l iunoi was o])innall\ \isuali7ed Multiplanai l e t o n s t i ucl ion was pei formed 
to sc к с I a c e nu. i l sec tion p l a n e t h i o u g h t h e lumoi Tins se с n o n plane was 
ti an s\ с ι sc h οι ie nie d a n d i n c l u d e d a cioss section t h i o u g h the de se e n d i n g 
aoi i.i \t tins se с Mon рілпс bO sequential bieasl image s we ie obta ined 
c\ci\ 2 Ί> se с o n d s with л I ui b o last low ingle shot (TuiboFLASH 
Sic me us l i Luige η (те i m a m ) se que псе (() 1 1 "i S Hip angli 10-mm 
se e lion due kne ss I 2S\2 ih in iti i\ l ) ( l m m l ( ) \ two acquisitions) [οι 2 
miini ies M u i die hist foui î n i a g i s w i i i o b t u n c d a bolus nqec non оГО 2 
n u n o l g idopc u n lait ihnie gluininc pei kilogi un bod\ wt igln was 
ichninisie ι e el w ululi 10 seconds followed b\ ι 20 ml flushing bolus of 
noi ni.il saline solui ion 
I he ai quii с d da la wc ι e l he η liai iste ι ie d lo л sc paiate console toi 
ι с const ι m (ion a n d subi ι ai n o n ot imagi s h« loie anti a l k ι injection of 
e o n li asi m л le ι i.il Dil fe ι с nii.uioii ot ni.iligii.iiil li sums h o m benign lesions 
w.is b.ise cl on the de le ι іпшлі іоп ol spi ι el ,ιηιΙ рлііе ι η ol с n h a n c e m e n l as 
de sc ι ibi cl ι .ιι lie ι (10) wlui h b iste ,ill\ e onsisis ol (he .ipplication of the 
I m b o l i 4SI I m d MP RAC.l subii u non se еціе ne e s Ι ι sums that stai ted 
to e uh me e on t h e subii acte d Tui ЬоГІ ASI 1 se еціе IH e im iges within 11") 
s e c o n d s lite ι леи ne e n h a n c e n u ni wi ic e oiiside ι e el lo bc suspect 
m.ihgn.int ( e n u ïpetal enhance nu ui w is ilso ι e g u de d as a sign ol 
m d i g i u n o ( o m ci seh late enht i ic t nie ni (>1 1 ") se с onds) a n d 
II n u itugal e n h a n c e m e n t we ie ì e g a i c k d as signs ol be inguaile\ On the 
subii ae le d M P - R A C J L s e q u e n c e image s with fot al e и liane e nu ut a n d 
t spi с i<ill\ with u ìegukii boi dei s wei e consult 11 el Ιο be suspit ions of 
in, ihgn,uu\ bu Id e n h a n c e m e n t eithei clifiusc οι p a l i l n was eonsidc led 
с q i m o t ,il as this patte i η ol e n h a n c e n u nl m.n be se e η in both be nign 
a n d m a l i g n a n t lesions (2) 
Sin gu al biops\ a n d mastee tom\ spec imens wc u с \aniinc cl paihologicalh 
1>\ using a coi ie l a t n e tadiologicdnstologie m a p p i n g ic с h inque descube cl 
in ile ι.ui e Isc whe ie (11) 
ss 
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RESULTS 
A total oí 208 t u m o i s in 204 u o m e n vveie evaluated. In all cases the 
combina t ion ol the TuiboFLASH and MP-RAGK sec]uence was used. Sixtv-
th iee lesions p i o \ e d to be benign and 145 lesions t u r n e d out to be 
mal ignant on hislologv. In this series a sensit iutv of 96% was l e a c h e d in 
identify m g a mal ignant lesion. 
Six mal ignant lesions were in te rpre ted as ben ign on \1R imaging (Table 
7.1). In these cases n o or late e n h a n c e m e n t on the l u i b o F I A S H and 
eithei no e n h a n c e m e n t at all oi e n h a n c e m e n t equal lo thai of the 
conti alatela! hi east glandulai tissue on the MP-RAGl· sequence was 
noted . T h e histological diagnoses a i e p i e sen t ed in I able- 7.2. Кош cases of 
ductal cai с inonia in situ (DCIS) o u t oí a total ol 17 were missed on MR 
imaging. In addi t ion two m\as i \ e cancers were not identified. In o n e case, 
biopsv f indings showed a muc inous cai emonia oí 2 m m with an associated 
DCIS of 10 m m . T h e othei case was an imasive lobular ca rc inoma (ILC) 
of 40 m m . 
Table 7.1 Clincal and radiological data in 6 MR negative tumors. 
1 
2 
3 
4 
5 
6 
AGE 
52 
51 
65 
53 
54 
53 
PALP 
+ 
-
-
-
+ 
-
MAM 
-
+ 
+ 
+ 
-
+ 
US 
-
-
-
-
-
0 
PA 
2.5 mm non-comedo DCIS 
100 mm non-comedo DCIS 
10 mm non-comedo D O S 
50 mm comedo DCIS 
40 mm invasive lobnlai caicionoma 
2.5 mm mucinous carcinoma with 
100 mm non-comedo D O S component. 
+ Positive loi malignano. - negative foi malignane v. f) Not peifomed 
DCIS' Ductal Сан moma In Sun 
DISCUSSION 
T h e role of MR imaging in addi t ion to m a m m o g i a p h v is based o n its high 
sensitiv itv m t u m o i detect ion d u e to t h e consistent conti ast e n h a n c e m e n t 
Η') 
( h a pin 
Table 7.2 Specification of MR negative tumors according to histology. 
IDC' In\asie d u n caicmoma 
DCIS Ductal cai emoni am situ 
II С.' Іп\аы\е lobiilai caitinoma 
MFD' Medullaiv Cai emonia 
TLB Tubulai ("aiemonia 
Histol 
IDC' 
OCAS' 
ILC' 
MLD^ 
TUB 
NR 
91 
17 
30 
6 
2 
False Neg 
1 (1%) 
4 (23,5%) 
1 (3%) 
0 
0 
of b icast canecí . H a i m s et al claimed thaL all l \pes of breast cancel 
e n h a n c e , that e n h a n c e m e n t ol the tnmoi is alwa\s s t iongei c o m p a i e d to 
noi mal In cast tissue and lack ol e n h a n c e m e n t indu ales a benign lesion oi 
noi mal tissue- thus biops\ in such cases can be avoided ( 12) F\en pic-
u n a s i w lesions suc h as DC IS and lobulai c a i c m o m a m sil 11 showed 
sti oiige ι ( n i n n e с me nt than noi mal glandtilai tissues m his sci к s 
Raise ι slak d t in t die absence ol conti ast e n h a n c e m e n t e \e lude s 
m a l i g n a n o with a high d e g i e e ol conf idence (3) IIe\\\aiig-Kobi umie ι 
( I 3) siate d thai lae k ol significant e n h a n c e m e n t (> 500 \ U ) implies ihe 
existence ol п о і п ы і bieast tissue (13) 
Malignai il iiimoi s ot ι lie bic ast often show an mei eased pi οροί lion ol 
miei stillai sp.u e a n d me ι eased e ap i l l an pei meabilit\ (14) These Lu loi s 
might .ic count loi the cai liei a n d st iongei conti ast e n h a n c e m e n t m 
hi с ast malignane к s but angiogenes is тал also be a pieiec |uis i te loi 
m m o l e n h a n e e m e ni ( I 5) 
In oui sci íes ol 14") histologie all\ e onfii m e d mal ignant tnmoi s si\ cases, 
thai is 4('(, conici nol be ι ее ogni/ed on g a d o l i n i u m - e n h a n c e d MR imaging 
(Table 7 1) Гош lesions p m u ' d to be a DCIS of which t h i e e cases weie of 
the n o n - c o m e d o (well-diffc l en i ia ied) t\pe (toi histologic subclasstficaiion 
ol DCIS see papei of H o l l a n d el al (16)) with a d i a m e t e i ol 2.5, 10 and 90 
m m iespecl i\eh, suggesting lhal t n m o i size a lone is n o t ìesponsible ol 
these ialse-negati \e lesulls (fig 7.1 Α-B) T h e s e t h r e e cases did not show 
anv mei eased e n h a n c e m e n t on both the TurboFLASH a n d Ml'-RAGt 
s e q u e n c e c o m p a i e d lo noi mal tissue Ho\ve\ei, a n o d i c i fi\e cases ol non-
c o m e d o DCIS did show e n h a n c e m e n t withm the i h i e s h o l d ot 11 5 
seconds on the I i u b o F L A S H s e q u e n c e with sizes of 10 to 70 m m in 
gieatest d iamete i A s a ι esuli, o n h 62 У/о of the n o n - c o m e d o DC I S w e i e 
iecogni7ed on MR imaging m this senes 
чо 
Figure 7-IA 
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Figure 7-1B 
* 
Λ 
• к . 
Figure 7.1 A-B 
(A) A 65 year old woman showed a 10 mm 
large area of fine granular micro-
calcifications in the upper outer quadrant of 
the right breast. 
(B) MR imaging showed no abnormalities. 
Histology revealed a non-comedo DCIS of 
10 mm. 
Another case of DCIS not recognized on the used MR sequences was 
histologically a comedo (poorly-differentiated) type of 50 mm. In this case 
the TurboFLASH sequence was very likely taken on the wrong section. As 
a consequence, our main criterion for malignancy i.e. early enhancement 
was not applicable in these cases. On the MP-RAGE sequence the lesion 
showed some more enhancement than the surrounding glandular tissue, 
but to our standards this enhancement did not fulfill the criterion of 
malignancy. Four other patients with a comedo DCIS did enhance on the 
TurboFLASH sequence. All three cases of the histologically intermediate-
differentiated DCIS were also recognized on the TurboFLASH sequence. 
Studies of Ziehe and Cullino have shown that non-invasive breast lesions 
can be associated with angiogenesis (17). Guidi et al suggest that different 
subtypes of DCIS show different patterns of stromal microvessels and that 
especially the comedo DCIS has a diffuse increase in stromal microvessels 
(18). Perhaps this is one of the reasons that the comedo DCIS in general 
shows more enhancement than the non-comedo type. 
91 
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H a n n s et al (12) d e s c i i b e d that m their senes of "i 7 pat ients all 42 
m a l i g n a n t lesions, inc luding t h e cases of DCIS, showed signifkantlv m o i e 
e n h a n c e m e n t t h a n t h e no i mal tissue, howe\er h e did not d e s c u b e the 
subtvpe of DCIS 
O n t h e o t h e i h a n d , G i e e n s t e i n O i e l et al (8) staled that small fot ι of 
DCIS are n o t visible o n MR imaging Hewvang-Kobrunncr (2) (onfii med 
t h e o p i n i o n of Allga^er et al (19) that MR imaging is n o t g o o d m 
dif ferentiat ing lesions with m a m m o g i a p h i c microcalcif ications because 
b o t h DCIS a n d prolrferattve dysplasia can be associated with 
miciocalcif ications a n d may b o t h show a b n o i m a l e n h a n c e m e n t However, 
if o n e of t h e objectives of MR rmagrng is t h e selectron for breast saving 
t h e i a p v (BST), it is necessaiv to evaluate microcalcif ications loo 
Fspeciallv w o m e n vvrth an infi l t iating ductal c a r c i n o m a associated wilh 
calcifications on m a m m o g i a p h v a ie hkeh to be associated wrih an 
extensive i n t i a d u c t a l c o m p o n e n t ( Ы С positive) a n d thus with an 
increased risk for local ì ecur i enee (20) But o n e should be aw ai e that not 
all non-rnvasive pai ts show increased e n h a n c e m e n t (7) This (act mu\ lead 
lo uncle и stimatimi of t u m o i extens ion 
In the patient with the f disc -negativ e MR findings m an invasivi lohului 
l a i i i n o m a (II ( ) the stai t of e n h a n c e m e n t on the l u i b o T L V S H sequence 
was noi wiihin the limit of 11 ι seconds that is oui thresho ld loi 
m a l i g n a n o (fig 7 2Л-В) (10) O n the MP RAGb s e q u e n c e t h e 
e n h a n c e m e n t was t h o u g h t to fie noi mal like glandular trssire but pei haps 
because the othei bieast was amputate d, a n d we thus did not have anv 
c o i n p a n s o n we j u d g e d this lesion to be negative Hrstolog\ levealed an 
IL( 40 m m m gie atest d i a m t lei 1 Ins tumor showed a peculiai histologic 
growth palici η ш which lumen cells we ι с spie ad t h i o u g h thin fibious 
t h i e a d s between noi mal fai tv a ieas Wilhc lm e t al (4) also и poi ted on a 
false negative tase оГІІ С of 20 m m with diffusi giowtli patt i i ir Cilles et 
al (7) in a senes of 64 hi east mal ignancies disci ibecl two с ases of an II ( 
in which n o eailv contrast e n h a n c e m e n t was seen 
I h i s case of <m ILC confii ms oui o p i n i o n that, w h e n evaluating a hie ast 
lesion with MR imaging, b o t h brc asts should be imaged simultaneouslv 
trnallv, o n e case of invasive d u c t c a r c i n o m a (IDC) was inter pre ted as false-
negative (fig 7 3A-B) In this case m a small a iea of 10 m m coarse 
g ianula i miciocalcif ications weie seen o n the m a m m o g i a m l S was not 
per foi me d O n the T u r b o F L A S H s e q u e n c e an ar ea of e nhane eme ni 
c o r r e s p o n d i n g to t h e a iea of mrcrocalcrfrcatrons o n the m a m m o g i a p h v 
was seen, howevei s tart ing 18 4 seconds aftei aoi i ic e n h a n c e m e n t , thus 
the t h i e s h o l d of 11 5 seconds o n t h e r u i b o F L A S H was e x c e e d e d O n Mie 
<)¿ 
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Figure 7-2A Figure 7-2B 
Figure 7.2 A-B 
A 53 year old patient underwent a mastectomy of the left breast, 4 years before, for 
an invasive lobular carcinoma. On physical examination the right breast is firmer 
now. (A) Mammographv showed a slightlv distorted area in the retromamillar 
region and US was normal. (B) MR imaging showed enhancement on both the 
TurboFLASH and MP-RAGE sequence, but was interpreted as normal. 
Histology revealed a 40 mm invasive lobular carcinoma, non-tumorforming, like 
indian files. 
MP-RAGE sequence the other parts of both breasts showed the same 
intensity of enhancement as the suspicious area. Histology revealed a 2 
mm mucinous carcinoma associated with an area of non-comedo DCIS of 
10 mm. This patient had voluminous breasts and the lesion was situated 
adjacent to the pectoral muscle. As the sensitivity of the coil decreases 
with increasing distance between the lesion and the coil, the sensitivity for 
this lesion was perhaps not sufficient in this patient (21). 
In conclusion, our retrospective analysis of 145 histologically proven 
malignant tumors shows that despite optimal technique not all malignant 
tumors were detected with MR imaging: six cases (4%) did not fulfill our 
main criterion of early enhancement. The highest prevalence of false-
negative cases was in the group of DCIS: 23.5% were missed. Although MR 
imaging plays an important role in the evaluation of breast lesions, one 
should be aware of the fact that false-negative MR findings do occur in a 
small percentage of cases. 
' , i : ; 
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Figure 7.3 A-B 
A 52 year old woman with a non-palpable, but mammographyically suspicious 
lesion in the left breast detected during mass screening. (A) Mammography 
showed coarse granular microcalcifications over an area of 10 mm. (B) Subtracted 
MP-RAGE showed an enhancing lesion on the corresponding site, but on the 
TurboFlASH sequence enhancement was noted only after 18.4 seconds. Histology 
revealed a 2 mm mucinous carcinoma with an area of non-comedo DCIS of 10 mm 
around the invasive part. 
l i t 
С h a pi et / 
R E F E R E N C E S 
1. Bakei I H Bieasi cancel fielet lion demolish ,ilion piojecl: Fi\e-\eai siminiai\ 
lepoi l. Ca-A Cancel Joui nal loi Clinicians ll)S2, 32'1') 1-225 
2. He\w.mg-kobi unnei SI 1 ( .mill ast-enhant eel magnetic ι esonance imaging of 
Uiebieasi In\estigaii\e iatliologv 1994,29.9+104. 
3. kaisei W V \IR\I pi omises e.u liei bieast cancel diagnosis. Diagn Imaging 
( lm Med 1992.88-93. 
4. Hanns SI-, Flamig DI'. MR Imaging ol the bieasi. JMR1 1993; 3 277-283 
5. PICK с NB, 1 lai ms SF, Flamig 1)1', Giiüe\ Ril. LxansNT, I lagans |1·. I l i iee-
dimcnsional gadolinium-enhanced MR imaging ol llie bieasi: Pulse sequence 
willi Idi suppicssum and niagneli/alion uanslei conliasi Radiolog\ 1991: 
181:757-7(i3 
6. lle\wang SII. Noli A. Pi uss 1·. Ihlbctlz T. Licimanii N. Peitnanellci \ \ MR 
imaging ol ihc bieasi with C»cl-I) I PA: use and limitations. Radiologx 1989; 
171:95-103. 
7. Gilles R, Guinebielièic J, l.iu id.и me Ü, el al. Nonpalpable bi east tuinoi s: 
diagnosis willi conliasl-cnli.mced subuaclion d\nami( MR imaging. Radiolog\ 
1994: I9I:()25-631. 
8. Gì censi cm Oiel S. Sc I ma 11 Ml). 1 i\olsi Υ. 11 on pi η RI I. Suspicious hi east 
lesions MR imaging with ι adlologic-pathologic с on elation. Radiolog\ 1 99 1. 
190:485-193. 
9. Wilhelm K, Giebe P. Ieifke \, llalbsgulh \, Mil/e M, Піеіеп \Г Das 
lobulate Mammakai/mom m dei Kei nspinlomogiaphie. Akt Radiol 1992; 
2 373-375. 
10. Boe I es (., P>aients7 JO. Mus RI), el al. MR chai .к lei i/al ion of suspicions bieast 
lesions unii a Gadolinium-enhanced TuiboFI. VSII subii aclion ieclniir |iic 
RadiologA 1994, 193:777-781. 
11. Holland R. Yeling SH), Miaumac M, et al Histologic multiíocalm ol Tis. TI-2 
bieast cai emonia implications loi clinical tiials ol bi cast-conser\ing sui gei ν 
Canecí 1985; 56-979-990 
12. Hai ms SE. Flamig DP, Hcslc\ KL, et al Fat-suppicsscd three-dimensional MR 
imaging of the breast. RadioGi aphtes 1993, 13 2 17-2(i7. 
13. Hcvwang-Kobi iinnei SH Biustkicbsdiagnostik inn MR-Ubcrbhtk nat h 12.50 
Patienten. Llectiomedica 1993: (il:43-52. 
14. Stack |P, Redmond ÜM, ('.odd MB, Dcixan P \ , Linns J1. Bieast disease: tissue 
diaiactcnzaiion with Gd-Dl'PA eiihancemeni pmlilcs. Radiologx 1990; 
174:491-494. 
15. Fiotige ('., Guincbielièie ], Contesso G, Di Paola R, Biet \ M. Coi ìelaiion 
between conti ast enhancement in chnamic magnetic ι esonance imaging of 
the bieasi and tumoi angiogenesis. In\ estíbame Rachologv 1994; 29:1043-
1049 
Ч"і 
Cha pi ei / 
16. Holland R. Pc tei se. JL. Millis RR. et al Ductal caumoma m situ a ptoposal foi 
a new classification Semináis in diagnostic patholog\ 1994 11 167-180 
17. Ziehe M, Ciullmo P\I Angiogcncsis and neoplastic piogic ssion m u n o f\( I 
1982, h9 483-487 
18. Ciudi AJ, Fise liei L. Hai ι is JR, Sc limit S| \liuo\cssc 1 dc nsiu and disti ibution 
m ductal caicmoma m situ of the bieast )\( 1 1994. 8b bl4-bl9 
19. Allga\ei B, L ukas 1', Loos \\, kcisiing-Sommcihof В MRT dei Mamma mit 
2D-Spiiieclio- und C>iacliciilcncclio-Sc<|ucii/cn m diagnostischen 
Pioblemfallen Foi ischi Ronigciisii 199.4:1,8 424-427 
20. Slonipei PC , ConnolK JL Maiiimogiapluc fealuics picche img an e\tcnsi\c 
ïntiaducial component m caiK-siagc mfiliiaimg ductal caicinoina AJR 1992, 
158 2Ò9-272 
21 . H\ l ton N.M, Fiankel SD Imaging iichnic]iics foi bicast MR imaging Magnetic 
Resonance Imaging, ( limes ol Noi ih Vinci ìca Bi casi Imaging Philadelphia, 
L SA Saundeis UB, 1994, 2 Ή 1-V2"> 
'1(1 
С НАРТ ER 8 
SUMMARY, CONCLUSIONS AND FUTURE DEVELOPMENTS 
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SUMMARY, CONCLUSIONS AND FUTURE DEVELOPMENTS 
SUMMARY 
Chapter one gives a hi и f out l ine a n d tin· pin pose of the thesis 
T h e most effective imaging tc с h i n q u e toi the d e t e c t i o n of bic.ist с a m ci is 
n i a m m o g r a p l n 'I h e sensili\it\ ot m a m m o g i a p h v is close to 40% 
Ho\ve\ei, the positive p i e d u t i v e value toi m a n u n o g i a p h i c a l h de tc ( ted 
1c sions is a b o u t 20-2V/r 
L l i iasound (L'S) is ace m ate· m identifvmg a c\st, but is k-ss ie liable in the 
di t fc icnt iat ion between benign and mal ignant solid masses 
In u-e ent \eai s, magnetic í e sonance imaging (\IR imaging) has become- a 
majoi diagnostic tool \ \ ith its capabihtv toi soft tissue chaiac tei i /at ion 
and chfte re nt ia t ion \1R imaging is a pi omismg tec h inque foi diagnosis of 
hi east lesions Lspccialh M has a pi omise foi nu ι eased sensitiv itv a n d 
spec ificitv as a non-in\asi\c diagnostic pi oc eel ni e in evaluating a hi cast 
lesion I o f u i t h e i u n p i o v e spcciticitv a n d positive ])icdicfive value we 
developed a n d evaluate cl a fast dvnamic sequcne e dui ing ιημ с tion of a 
с onli asi m e d i u m ( I in bo Η \ S H seque ne e ) 1 he pe ι foi manee of MR 
imaging m p i e o p e i alive imaging is also a pai l of this stuclv 
Chapter two pi cscnis an ove ι view of the (In e e most impoi tant imaging 
techniques , that is m a m m o g i a p h v , US a n d MR imaging M a m m o g i a p h v is 
the piefei red m e t h o d foi se ι ccning foi small a n d ос с u h breast с anc e ι s as 
well as toi e x a m i n a t i o n of svmptoinalic pat ients 
US was liutiallv t h o u g h t to be- able to chffeic liliale between benign a n d 
mal ignant solid lesions, but latei studies showed that u l i iasonogiaphie 
chaiactei is t ics ol b e n i g n a n d mal ignant solid lesions have a consideiable 
ovei lap So US lias onlv value m die d i f fe ienual ion of solid f iom cvstie 
lesions MR imaging ot t h e bi east g a m e d me leased mic i est aftei the 
d e v e l o p m e n t ot sui lace coils With the use of gadol in ium-conta in ing 
conti ast m e d i a t h e detect ion ol m a l i g n a n t lesions n n p i o v e d Al though all 
mal ignancies did e n h a n c e a c c o i d i n g to manv mvestigatois, some be in»η 
lesions showed e n h a n c e m e n t as well Seveial MR t e c h n i q u e s have b e e n 
developed a n d all mvestigatois obta in a high sensitività but still a low 
specificitv Fui the i ìe fmenicnt of the t echn ique is t he i e fo ie ì e q u n e d , and 
oui к suits appea l to go m the l ight d u e c t i o n 
Chapter three dese ι ibes hi к flv t h e pi inciples ol M R imaging Also a shot l 
out l ine a b o u t the choice of pulse sequences used m oui institute foi MR 
imaging of t h e breast is given 
ЧЧ 
Chapter <V 
The aim oí'MR imaging; ol'breast lesions in this study was to achieve not 
only a high sensitiyitv, but also a high specificity. Fast imaging sequences, 
displaying the first pass ol contrast agent in the tumor have the highest 
specificity lor characterization ol'tumors and differentiation from other 
tissues. For this purpose we used the TurboFLASH sequence, а УСГУ fast 
magnetization prepared gradient echo sequence with an acquisition time 
ol 2.3 seconds. To evaluate the other parts of the breast a 3D MP-RAGE 
sequence was chosen because this sequence type allows thin sections with 
a relative short acquisition time and a high spatial resolution for a good 
three dimensional image of the lesion. 
Chapter four deals with the basic principles of enhancement of dynamic 
MR imaging of the body. 
During the first-pass phase of (lie (ondasi agent die difference in 
concentration between the in ira- and intravascular compartment is at its 
maximum, and in this phase transportation from the vessels into the 
tissues will occur rapidly. Contrast medium, present in capillaries and in 
the extracellular cxtrayascular space, is displayed b\ a time-signal intensity 
СИГУС. The curve is defined hv the ousel of enhanccmcnt. ihc fastest slope 
ol enhancement, the plateau-phase, usually alter several inmutes and the 
wash-out phase of the contrast-medium. The enhancement rate and onset 
of enhancement in a certain tissue depend on the number ol'vessels, the 
vascular resistance, the vessel wall permeability, the composition of the 
extracellular space and the venous outflow. These factors differ from 
tissue io tissue and therefore enhancement curves differ. 
Chapter five deals with a Much ol 87 solid lesions ol the breast. The utility 
ofgadoliniiiin-enhanced rhnamic MR imaging with the TurboFLASH 
icchuiquc was lesied in the' differentiation of benign from malignant 
lesions. Conirasi-enhanced MR images were obtained at intervals of 2.3 
seconds for 2 minutes. Alier the first four images contrast medium was 
injected intravenously as a bolus within 10 seconds. Lesions dial enhanced 
wiihin 11.Γ) seconds after opacification of the aorta were regarded as 
malignant. Lesions that enhanced later were regarded as benign. A 
centrifugal pattern of enhancement was considered lo indicale a benign 
lesion. Histologic examination ol the 87 lesions showed dial <>5 were 
malignant and 22 benign, (iadolinium-cnhanced TurboFLASH imaging 
had a sensitivity of (J5 r(, a specificity of Hñcí and an overall accuracy of 
l
.)3'/r in differentiating benign from malignant lesions, and thus proves to 
be of value in the examination of solid breast lesions. 
In chapter six MR imaging is compared with mammography and US in 
ino 
(h(i¡)ln S 
assessing the extent of bie.isi tance ι Pi copci alive Undings and histologic 
ι esulti with legaid to tunioi si/e and iiiiil(ifocalil\ ol bieast inmois in Ы) 
women subjected to masicc tomv w u c a n a h s c d In 104 ol (he tases the 
index tumoi was not seen on mamniogiaph\ Willi LS lVt ol the index 
minois wei e not îecogni/ed On the MR images 2% of the index luraois 
weie not Msible Mammogiaph\ and US undeiestimale ihe tunioi size 
signillcanth with 149c and \SVc ìesptc t i \ ih while MR imaging showed no 
significant dilleience m si/e compai ed to histolotn MR ltnainug was also 
signilicanth bettei in detecting additional lesions compai eel lo 
mammogiaphv and LS 1 he accuiacies loi niullitotahlv weie 100 f/c,3l4 
<incl 38*/? loi MR imaging, mammogiaph\ and L S icspetiivc h 
In chapter seven, six malignant lesions which wi ι e not coi ι с с ih 
diagnosed with MR imaging aie discussed These casesweic pail of a 
gioup of 204 patients with palpable and/οι manmiogiaplucallv visible 
lesions The MR technique consisted of the Tin boHASII and MP-RA(>r 
subii action technique All patients undei went sui guai biops\ ancl/oi 
mastectom\ and all specimens weie examined In l he eoi ìelaiivc 
ladiologic histologic mapping technique Two hunched eigln Illinois wc ι e 
evaluated, 14") lesions lui ned ели to be malignan! and 6°> piovccl to be 
benign Six malignant lesions, toni m situ malignane íes and two invasive 
lesions weie mteipieted as benign on MR imaging, thus a sensiti\il\ ol 
98'/ was îeaehed m ldentilvmg a malignant invasive lesion I n l h e g i o u p 
ol ductal caiemoma m situ 2'? Y/c ol ι lit- lesions wc н missed 
CONCLUSIONS 
(>ricloliiiiiim-c nhanced TiuboFI-ASlI imaging is a valuable method in the 
examination of hi east lesions suspec led oí being malignant A sensiti\it\ 
of Ч /С, a spec îfic m of 8(//r and an oveiall accuiacv ol 934 has been 
achieved with ilus techiuc|ue Also MR imaging using the combination ol 
ihe subtiacled MP-RAGL and TuibofLASH technique tinned out to be-
lile most ateníale of ihe pieopeiative imaging modalities (mammogiaphv, 
LS and \IR imaging) m assessing the extent ol malignant lesions m the 
bieast Howevei, despite optimal techniques, not all malignant lesions 
weie detected with MR imaging 11 one of the ob|c с mes of MR imaging is 
the selection loi bieast saving theiapv, one should be await that espec lalh 
not all non invasive lesions show mcieased enhancement 
\t piesent, a studv on the coi ι elation between MR imaging and histologv 
wilh special attention to multifocalm and multiccnli ltilv is be mg 
pei loi med 
ΙΟΙ 
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FUTURE DEVELOPMENTS 
In the s h o i t t ime that MR imagino; has b e e n utilized loi clinical imaging 
this t e c h n i q u e has pi слеп to be a \aluable tool, which is able to s u p p h 
unique m f o i m a t i o n a b o u t t h e n a t i n e oí \ a i i ous lesions 
MR imaging will ріал an i n c i e a s m g h ínipoi tant iole in the evaluation ol 
b i t ast disease Idea lh it should be possible to make a m o i e definite 
diagnosis, thus o b \ i a t m g i m a s n e examina t ions T h e selection oi pat ients 
with an ope rab le bicast cancel is highlv d e p e n d e n t u p o n the findings oí 
the non- in \as i \ e imaging t echn iques As m a m m o g i a p h \ ma\ 
unde i est imate the extent oí mal ignant lesions and MR imaging shows the 
c o n e c t size, MR imaging ma\ pla\ an impo i t an t io le m the selection loi 
bicast s a \mg t h e i a p \ , howevei piospect ive studies a i e necessai \ to 
confii m this 
At the- m o m e n t a ι csti ц tion of t h e 1 in boFI ASH s e q u e n c e is that it is a 
single s( с lion tec hinque Whi η mult isection imaging foi the d \ n a n n e 
e\aluai ion of the whole hi с ast with a lugli ti mpoi al ι esolution bc с o m e s 
possible MR sc ie e η mg in se lee te cl < ase s ina\ be the piete i ι ed imaging 
m e t h o d boi example w o m e n who а к sii onglv suspe ( ted of having hi east 
cai к с ι οι who a ie a l high ι isk foi de \ с loping hi casi с a ne et but who h a u · 
equivocal n i a m m o g i a p l u c s d u e lo u ι ν dt use gianduia) tissue, niav benefit 
fi o m tlus te с hinque 
W h e n siispic ions lesions с an onl\ be de monsii ate cl bv MR imaging, the 
nei cl loi a loc ali/atioii dev ice to pc ι (01 m MR guide d biopsies bc e ome s 
u igt ni Tilt deve lopim ni ol deche aled с oils will fui ihei impiove ihc 
possibihlic s oí this le e hn iqu i 
MR imaging will also plav лп un poi lain ι ok m ι lu e valuation of pani η is 
Healed with silicone mi plan Is in whom the de te с n o n ol a caie ι n o m a is 
chlik nil w ith o ihe i imaging le с h i n q u e s 
L nul now bieast studie s have b e e n pc ι loi m e d using a whole bodv с oil 
svstem m most cases suppl ied with s p t t lallv des igned hi с ast coils T h e 
high costs of o p e i a t m g these m a c h i n e s a n d the limili ri avaihbillv pieve ut 
its use foi b ieast imaging o n a laige scale P e i h a p s m the futuie dedicated 
MR bieast-scanneis can b e deve loped with lowei costs a n d easiei 
accessabihtv In c o m b i n a t i o n with last imaging sequences a h igh pat ient 
t h i o u g h p u t ma\ then b e c o m e feasible 
1 OL' 
SAMENVATTING, CONCLUSIES EN 
TOEKOMSTIGE ONTWIKKELINGEN 
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SAMENVATTING 
I let doel си een кем it· uit cen/et t ing \an hel pi oei sc hi ill wenden in 
hoofds tuk 1 g e g e w n 
De incesi docil i effende afbceldingstechniek \ооі de· o p s p o i i n g van 
bois ikankci is inainniogiaf ie De sensiti\ileil \an manimogia f ic h e d i a a g l 
ongc\c-ci 00% F.(hiei d e positief \ o o i s p e l l e n d e waaide mei h e l i e k k i n g 
lol inalignileil \ooi mammogia f i sch o n l d e k l e lesies is ongeveci 25 - 30% 
t c h o g i a f i c is bc l iouwbaai m d e identificatie \лп сен (\sic, maai niel 
bctioiiwbaai m de- diffeieniiaiie lussen b e n i g n e en mal igne solide 
timioi en 
De laatste μι en is de· ke insp in tomogiaf ic , hctci b e k e n d als MR] 
(magnetic ι esc >n ance imaging) , een bclangii jk diagnosi isc h h u l p m i d d e l 
gcwoi de η 
\IRI hiedl d e mogeli jkheid o m o p niet-in\asic\c wij/c weke delen le 
ka iakic i i sc icn en oiidei ling le di f ferentieren Dc/c tec hi пек is \ ooi al 
\ee lhe lo\end o m d e sensiiiMieit en specificiteit bij de evaluatie \an ecu 
lcsie m de- hoist te \ ei beici en Wij h e b b e n een sne lic elviïanuse lic-
sec]iienlie (ГшЬоКІ ASII scc]ueniie) ti jdens int ia\enei i/e t o e d i e n i n g \an 
een gadoliiiiiiin-bc-vailcnd conti as tmiddel gelest o m met п а ш е ele 
spec îfic lien en positief vooi spe l lende waa ide le \ c tbe ic i en De mbi eng 
\ an MRI \oo i e en \c i beici de preoj^eratievc bcclchoi m nig is e\ e n c e n s een 
clcc-1 \ a n eleve sinelic 
Hoofds tuk 2 gce-lt een encizic lit \ a n de duc· bclangi ijksic 
a lbec ld ings lcehnicken , namelijk mammogia f i c , cchogia l ic en MRI 
Mammogia l i e is he l o n d e i z o e k \ a n ee is ie kens \oo i de opspoi ing \ a n 
kleine en klinisch occul te mahgni te i i en en \oo i de e\ahial ic \ a n 
sMiijDtomaiisehe pa t i ën ten 
Aan\ankehjk weid gedacht dat echogiaf ie de mogeli jkheid b o o d om een 
onde i sche id le maken tussen solide b e n i g n e en mal igne afwijkingen, 
maai latei onde i zoek heel t a ange toond , dat ei een aanzienlijke ovei lap 
bestaat tussen echogi afische k e n m e i k e n \ a n ben igne en mal igne 
afwijkingen fchog ia f i e is dus alleen m staat om te d i l l e i en t i e i en tussen 
solide en c \ s t cu /c lesies 
MRI \<u\ de boist is m t o e n e m e n d e mate in de belangstel l ing g e k o m e n na 
clc ontwikkeling van oppci vlaktespoelen Ook het gebi uik \ a n intr<i\eneus 
toeged iende gaelol inium-bcvattende cont ias t rn iddelen hcetl de detect ie 
\ an maligne lesies \c i be le id Hoewel \o lgcns \ c l c oiielci /oekei s alle 
malignitci ten aank leu ie i i , t onen ex>k sommige ben igne lesies een 
\cige-li]kbaai a a n k l e u n n g s p a t i o o n 
Duci se· MRI lee hn ieken /ijn ontwikkeld en alle ondei /oe-kc ι s b e h a l e n een 
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h o g e sensit iuiei l maai \aak et η lagt sp t i i f i t i l t i t \ t i dei e \ei fijnmg \an 
deze M RI t e c h n i e k e n is n o o d / a k t h]k ι η dt dooi ons u i k i e g e n ïesiiltaten 
lijken m de goede l icht ing ie gaan 
In hoofdstuk 3 u o i d t m liei k o u h t ι р п ш ïpt \ a n dt MRI b e s t h i e \ e n en 
ei woid t een ko i te u i teenzei l ing g e h o u d i n o u i dt kt n / e \ a n sequent ies 
\oo i \1RI \ a n de boist O m d a t níet a l l e tn t t η bogt st nsitiMteit het doel 
\an dit o n d e i 7 o e k was maai o o k een h o g e specificiteit nagt s t iee fd weid is 
d e TuiboFLASH sequent ie geb l inkt \ reiscliillen in a a n k l e u r m g tussen 
mal igne en a n d e i e weeisels zijn he t meest op\al lent i in ck \ ioeg 
d u i a m i s t h e 'fust-pass lase De T u i b o F L A S H sequent ie is een ehnamische 
sequent ie met een acqinsitietijcl \ a n 2 3 s e c o n d e n Et η ht pt iking \an 
d t 7 e sequent ie is dat het een sequent ie is die slechts o p et η n n c a u m e t 
t t n p l a k d i k t t \an 10 m m \ e i \ a a i d i g d kan w o l d e n \ t )or hc t o n d t i/ot к 
\an dt . т е к и dt It η \an d e boi st is d e MP RACiE stqi ieni i t gt b l inkt 
Hot u t I d i / ι si qui nut i t t s m i n c k i ge\oehg is \ooi pa iamagnet i s t h 
с onti astmiddt 1 ht t 11 fit /t st que η lie een koi le acquisitielijd en 11 η 
got dt spatu It it soluiit 
Hoofdstuk 4 lx handt II dt basispi u ipt s \an dt a a n k l e u n n g \an 
d u i a m i s i h t \ I R \ a n litt ht haam 
( > i t l u i i n d t tit tu si pass last u n i ht t t o n t i a s t m i d d e l is he l \eischil in 
t OIK t n u . u u lusst η liti m u a - 1 η t \ t ia\ascula i ie c o m p a i t i m e n l maximaal 
t η in dt /t last /al i ianspoi ι \an ht ι t o n t i a s t m i d d e l \anui t d e \a len naai 
dt u t 11st Is sin I gt IK ni t n 
Hi I t o n d a s i in iddt I л л т и /ig in t api l iant η t n tie ext iacel lula i ie 
t \lia\as( uhm t 11 limit uoi i l i ui t igt gt \t η n u l bt h u l p \an een tijds 
sigiKuilinlt nsiu Hst ui \t Di/t ( i n \ ( woidl bt paald dooi het b t g i n \an d e 
a a n k l t u i m g dt su ilsii hi Hing \ m i i n k k i u i n g d e p i i t e a u i a s e meestal 
b t i t i k l na t nkt к ш и ш и η ι η dt w a s h o u t 1 ist \ an het conti astmiddel 
Dt m a t t \an t η ht l ht gm \,m lankk i n n i g in 11 η bepaa ld weelsel is 
afhankelijk \лп lu l ллпілі \ait η dt pi ι Insu \an dt \aten de 
\aa iweeis tand dt pt ι nu .ibilnt u \an dt \ a a h \ a n d dt samenstel l ing \an d e 
e M i a c e l l u l a u t l i u m t t t η dt \t ut ii/t a h l o i d D t / t tat toi en \ei schillen 
\ a n weelsel tot wet (st 1 t η d a a i o m м ist lullt η dt aanklt u imgst ui \en 
Hoofdstuk 5 b e h a n d t lt t t η stutlit b t i i t K t n d t 87 sohdt l t s i t s \ a n d e 
boist De bi u ikbaai lu id \.in t h n a m i s t ht MRI lijdt ns nui a u n t u/t 
t o e d i e n i n g \лп een gadohniui i i bt \alit nel t o n i i a s i n i i d d i l met b e h u l p \лп 
d e l u i b o F L A S H techniek is oi i tk î /o t lu oui ht nigiit en maligne к síes tt 
o n d e i scheiden Bi] d e / e opname it t hu i t к u o i d t η gt chu e n d e t u e t 
i n m u t e n o m ck 2 ^ set o u d e n \IRI b e e l d e n \ t i \aa id igd waaibij na dt 
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e-eiste vici opnamen liei conti astmiddel als een bolus binnen tien 
seconden NOI dt toegediend Lesies, die binnen 11 Ъ seconden na de 
aanklcuiing \an de aoi ia descendens beginnen aan te kleuren, NOI den als 
maligne beschouwd I esies, die latei aankleuren, woidcn als benigne 
geklassifu eerd 
Een centiïfugaal aankleuimgspaiioon woidt beschouwd als een 
aanwijzing dal een lesie benigne is Histologisch ondei/oek heeft 
aangetoond, dal 6ö \л\\ de 87 lesies maligne waien en 22 benigne- De 
TurboFlASH techniek gcdiiicnde conti ast injectie \an gadolinium heeft 
een sensitmteit \an 9т%), een specific Heil \an 869? en een 
naiiwkeui ïgheid \an 93% voor de diflcienliatie \an benigne en maligne 
lesies en bh)kt dus \an waaide te /ijn bij hel ondeizoek \an solide 
boistalvwjkingen 
In hoofdstuk 6 woidt de nauwkeuiigheid \an MRI \eigeleken met 
mammogiafie en ec hogiafie wat beli eli de uitbieiding \an het 
mammacaic mooni. Picopeiatic\e bevindingen en histologische resultalen 
beti eilende tuniorgiooiu en multifocaliteit лап mammacarcinomen bij 
bOviouwen, die een masleclomie hebben ondeigaan, /ïjii geanal\sc4Mcl 
In 10% van de gevallen was cle ïnclextumoi mammogiafisch niet /ie hlbaar 
Fchogiatie hei kende \ri'/c \an de mdexlumoien niet Mammogiafie en 
echogiafic ondeischatlen de giootte van de tumoi met ïesptсticwlijk 14 
en 18%, lei wijl MRI geen significant \ei schil in veigehjkmg met de 
histologise h bepaalde giooite liet zien Ook was MRI significant beici clan 
mammogiafie en ec hogiafie om additionele lesies aan le tonen De 
naiiwkeui ïgheid met bedekking tot multifocaliteit bedioeg 100%, 31% en 
38% \ooi ïcspcc ticvclijk MRI, mammogiafie en et hogiafie 
In hoofdstuk 7 woiden zes maligne lesies, die met MRI onjuist gcdiag-
nostiseeid waien, bespioken Deze zes gevallen waicn cleel \an een gioep 
\an 204 jxuienlen met palpabele en/of mammogiafisc h /ïchtbaie lesies 
MRI ondei/oek weid in alle gevallen uiigevoeid mei behulp \an de 
TuiboFLAbH en MP-RAGr subtiactic Uchniek Alle patiënten hebben 
een (chn uigische) biopsie dan wel mastectomie ondeigaan en alle 
prepaiaten zijn ondei/ocht met behulp van de gecoi leleeide 
ladiologische/histologische afbeeldingsleehniek Tv\eehondeidacht 
tumoien weiden geevalueeid 14ï hit ι van bleken maligne te zijn en 03 
benigne 
Zes maligne lesies, viei eaiemoma m sim lesies en twee invasieve 
calcinomeli zijn als benigne geinieipiciccrd op MRI, hetgeen een 
sensitiviteit van 98% vooi hel aantonen van mvasieve maligne lesies 
inhoudt In de gioep \an e ai emonia in silu lesies zijn 23% gemist 
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CONCLUSIES 
De T u i b o F L A S H techniek mei b e h u l p \an i n l i a \ e n e u z e injectie \an een 
g a d o l i n i u m b e \ a l l e n d conti astmiddel is een waai сіелolle m e t h o d e bi] d e 
e\aluatie \лп afwijkingen \an d e botst, die \ ei d a c h t zijn \ooi een 
malignitel i b e n sensitrwieil \an 9")%, een specificiteit λ an 8b9r en een 
nauw kein ïgheid \ a n 93f/r w o l d e n met d e / e к с In n e k beie ikt O o k blijkt 
\1RI bij gebi tuk \ a n de c o m b i n a t i e \an g e s u b i i a h e e i d e T u i b o H A S H en 
MP-RACil· t e c h n i e k de meest nauwkeur ige \<in d e р і с о р е і а П е л с 
afbcelchngstechnieken te zijn o m de u i t g e b r e i d h e i d \ a n mal igne lesies in 
d e borst in te schatten 
Lchtei o n d a n k s e e n opt imale techniek /ïjn mei alle mal igne lesies met 
MRI on tdek t Ind ien één \ a n de doelstel l ingen \ a n \1RJ de selectie \oo i 
b o i s t s p a i e n d e the i ap ie is, dan d ien t m e n / ich с ι \an bewust te /ïjn dat 
met n a m e niet alle nie t - in\as ie \e de len \ei sic ι kte aankleui m g lonen 
M o m e n t e e l woidt een studie u i lge\oe id b e i i e í í e n d e de coiiekiltc tussen 
MRI en histologie met sjDeciale aandach t \oo i multifocallieti с η 
mullic с nti ie Heit 
TOEKOMSTIGE ONTWIKKELINGEN 
In ele- íelalief koi te tijd, dat MRI woid t °ebi uikt \ oo i klinische 
doc le inden , is d e / e te с h n i e k waaide\ol gebleke η \ooi hel \e ι sc hal ien \an 
mio imal ic bc Heffende de aai d \an \ei schillende lesies 
M RI /al с с η sic с ds belangi ijke ι tol gaan sjDelen m de e\ alualic \an 
boislalwijkingc η Idéalité ι /on bet met b e h u l p \an de/e lechnic к moge líjk 
moe ten /ιpi om e с η me e ι eie i imtie\e diagnose / o n d e i m\asie\e ingie j)e η 
t e \ e i k i ìjge η 
De selectie \an pa t iën ten me l e e n opei abel m a m m a c a i c i n o o m is me de 
a lhankehjk \ a n de uitkomsie η \<ui níet m\asic \c a lbee ld ings technicken 
\ a n g e / i e n de manmiogi ,die de in tgebie idhe id \ a n mal igne lesie s kan 
onde i schal len en MRI de juiste u i tb ie id ing m \ e l e ge\ allen aan toont , kan 
MRI een belangii jke ιοί spelen bij d e selectie \ooi boi stspai e n d e 
t h e i a p i e , hoewel p iospeci ic l o n d e i / o e k nood/akeli jk is o m dit te 
be\estigen 
O p dit m o m e n t is e e n b e p c i k m g \an de Tui ЬоЫ ASH sequent ie, dat het 
e e n techniek is die slechts m e en \lak \ei \aa id igd kan woi den 
Indien \ooi de c h n a m i s c h e e\aluatie λ an de ge he le boi st z o g e n a a m d e 
multislice a l b e e l d i n g e n m e t een g io te ti jdsiesolulie mogelijk /ïjn, woidt 
MRI mogelijkei wijs het o n d e i / o e k \ a n keus m gcsc lec lee idc ge\ allen Bij 
\ ooi beeld , \ l ouwen , bij wie hel \ ei m o e d e n bestaat dat / e boi st kan kei 
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hebben ol die een 'veihoogd ïisico hebben om boistkankci u 
omwikkelen, maai bi| wie dens kliei weefsel de beooidchng \.m de 
mammogiafie bemoeilijkt, kunnen niogelijkei wi]s \ooidcel hebben \.in 
de/e lechniek 
Indien \eidachle lesies alleen met behulp \an \1RI kunnen wolden 
aangetoond, is hel noodzakelijk om een locahsatiespoel te ontwikkelen 
om MRI gelelde biopsieen te \e inchten. 
De omwikkeling \an specifieke spoelen zal de mogelijkheden \an de/e 
techniek \ ei dei \ ei be lei en MRI zal ook een belangnjkc ιοί g<ian spelen 
bij de evaluatie \an patiënten, die behandeld zijn met 
siluonenimplanialen en bij wie het ontdekken \an een caicinoom 
min ïhjk is nu 1 behulp \an andeie technieken 
lol op IK den woidi'ii hoi slondei zoeken uitge\oeid m s\ sternen \ooi 
uni\( ïseel gcbi nik uu-i ioe\ocgmg \an speciaal ontwikkelde boistspoelen 
De hoge kosien ι η bepeikte beschikbaaiheid λ an deze appaiateli 
\ ei hinde UMI hc ι gcbi nik \an bot slondei zoek op giote schaal Misschien 
kunnen m de toekomst MRI appaiateli wolden ontwikkeld speciaal \ooi 
boi slondei/oek mei lageie kosten en eemoudigei toegankelijkheid In 
combinane mei snelle sequenties kan dan een giote patientenonizet 
beu ikl wolden, waai dooi toepassing op gioteie schaal mogelijk is 
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De auteur \ an dit pioche hi iff is op К) no\embei 1949 le Iloogkeik 
geboten. In 1968 behaalde 7i] het diploma gymnasium ß aan hel 
Piaedinius Gymnasium te Groningen. Aansluitend begon /ij met haar 
sludie geneeskunde aan de Rijksunhei sileit \an Gioningen, die in 1974 
weid algesloten met het artsexamen. Van 1 januaii 1975 tol 1 januaii 1976 
weid aange\angen met de opleiding Radiodiagnostiek (opleider: 
Pi of. di.J.R. Blickman) in het Academisch Ziekenhuis ie Gioningen. 
De opleiding weid \an 1 februari 1976 tot 1 fcbruai ι 1979 \oortge/et aan 
hel Si. Radboud Ziekenhuis te Nijmegen (opleidei: Pi oí. di. Win. Penn). 
Vanaf 1 februaii 1979 is zij als stallici \ ei bonden aan de afdeling 
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STELLINGEN 
1 De Tui ЬоГЧАЬН sequent ie is d e \1RJ tec h i u c L welkt het nie e si 
nauw kein ig ondei sc l ie id maakt tussen b e n i g n e en mal igne 
a a n d o e n i n g e n \ a n d e boi si (dit p ioe í sc l in l t ) . 
2 \ ÍRI ma.ikl detect ie \ a n klinisch, mammogia l i se l i en echogialisc h 
осе lille loc ι \.ui het m a i i u n a t a i c m o o m mogelijk (dit pi oei sc In lit) 
ΐ I le i feil, dal hel n o n - c o m e d o DCIS zich mei \IRI moeilijk Luit 
afbeelden, /ou samen k u n n e n h a n g e n mei m m d e i u i t g c s p i n k e n 
lumoi angiogenic se 
4 De U' iandci ingen in signaalnUensileit o n d e i ï m l o e d \ a n een 
gadol in ium behal tend con l i a s tmidde l w o i d e n niet zozeei bepaald 
dooi o p i i e d e n d e conce n l ia i ie \e i sch i l len als wel dooi de toegepaste 
pulsseqwciilie (chi pioclsc hi ill) 
") Bij een palpabele alwijking, die mammogia l i s ch niet 7ichlbaai is, 
is echogia l i c ge ind icee id 
0 Bij p i e m e n o p a u z a l e м о і т с п dient d e m a m m o g i a f i e bi] vooikeiu m 
de \ioeg-lolhculai ie lase \ e i \ a a i d i g d te w o u l e n 
7 Bij p iemc п о р а ш а і е Mouwen d ient hel \1RI o n d e i / o e k \,in d e 
m a m m a e bij \ o o i k e u i m d e Mocg-fol luulanc tase le woidc n 
u i t ° e \ o e i d 
5 Wouwen, die loncl de ï i ic i iopau/e o e s t i o g e i u n en piogesiali\<i 
geb iu iken , h e b b e n een w i l i o o g d risico o p hel \ e ik i i jgen \ a n 
bois tkankct ( ( . o l d i t / ( A , I I .mkmson S r . Пишем DJ, et al The \ e w 
F n g l a n d l o u i n a l ot Medicine, 1995, :VV2 Γ>89-Γ>9.°,) 
9 Niet alle h e m a i i g i o n i e n /ijn h e m a n g i o m e n (uil: Vascular Birthmarks, 
1988. MuUiken JB.). 
К) Central isat ie \an kapiiaals intensic\e \ o o r / i c n i n g c n is in ieder 
/ iekenhuis een n o o d / a a k . 
1 1 Ilei "\ierde gchi l " is vooi \eel N e d e r l a n d e r s financieel niet haalbaar. 
12 Een e c h t e g o u d e n s t a n d a a r d laat /ich dooi ' een m a g n e e t niet uit /ijn 
cu' invicht b r e n g e n . 
1 ?> W a n n e e r in hel kadei \an de wet o p de g e n e e s k u n d i g e 
hehandelingsoN ei eenkomsi (λ\ΟΒΟ) een ladio loog per o n d e i / o e k 
1 m i n u u t exli.ι aan p a l i c n t c i n o o r l k liiing /ou bes teden, /ou dil in 
N e d e r l a n d 70 a ibe idsplaatsen oplexeren. 
( aria Boetes, no\e inbei 199,") 

